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Description 

TECHNICAL FIELD 

[0001 ] The present invention relates to the art of elec- 
tronic packaging, and more specifically to assemblies 
incorporating semiconductor chips and to methods and 
components useful In making such assemblies. 

TECHNICAL FIELD 

[0002] Modern electronic devices utilize semiconduc- 
tor chips, commonly referred to as "integrated circuits" 
which incorporate numerous electronic elements. 
These chips are mounted on substrates which physical- 
ly support the chips and electrically interconnect each 
chip with other elements of the circuit. The substrate 
may be a part of a discrete chip package used to hold 
a single chip and equipped with terminals for intercon- 
nection to external circuit elements. Such substrates 
may be secured to an external circuit board or chassis. 
Alternatively, In a so-called "hybrid circuit" one or more 
chips are mounted directly to a substrate fomiing a cir- 
cuit panel arranged to interconnect the chips and the 
othercircuit elements mountedto the substrate. In either 
case, the chip must be securely held on the substrate 
and must be provided with reliable electrical intercon- 
nection to the substrate. The interconnection between 
the chip itself and Its supporting substrate is commonly 
refen'ed to as "first level" assembly or chip interconnec- 
tion, as distinguished from the Interconnection between 
the substrate and the larger elements of the circuit, com- 
monly referred to as a "second level" interconnection. 
[0003] The structures utilized to provide th e first level 
connection between the chip and the substrate must ac- 
commodate all of the required electrical Interconnec- 
tions to the chip. The number of connections to external 
circuit elements, commonly referred to as "input-outpuf 
or "I/O" connections, Is determined by the structure and 
function of thechip. Advancedchlps capable of perform- 
ing numerous functions may require substantial num- 
bers of I/O connections. 

[0004] The size of the chip and substrate assembly is 
a major concern. The size of each such assembly Influ- 
ences the size of the overall electron device. More 
compact assemblies, with smaller distances between 
chips provide smaller signal transmission delays and 
hence pemiit faster operation of the devise. 
[0005] First level interconnection structures connect- 
ing a chip to a substrate ordinarily are subject to sub- 
stantial strain caused by thermal cycling as tempera- 
tures within the device change during operation. The 
electrical power dissipated within the chip tends to heat 
the chip and substrate, so ttiat the temperatures of the 
chip and substrate rise each time the device is turned 
on and fall each time the device is turned off. As the chip 
and the substrate ordinarily are fomied from different 
materials having different coefficients of themnai expan- 



sion, the chip and substrate ordinarily expand and con- 
tract by different amounts. This causes the electrical 
contacts on the chip to move relative to the electrical 
contact pads on the substrate as the temperature of the 

s chip and substrate changes. This relative movement de- 
forms the electrical interconnections between the chip 
and substrate and places them under mechanical 
stress. These stresses are applied repeatedly with re- 
peated operation of the device, and can cause breakage 

10 of the electrical interconnections. Thenmal cycling 
stresses may occur even where the chip and substrate 
are fonned from likematerials having similar coefficients 
of thermal expansion, because the temperature of the 
chip may increase more rapidly than the temperature of 

IS the substrate when power Is first applied to the chip. 
[0006] The cost of th e chip and substrate assembly is 
also a major concern. All these concems, taken togeth- 
er, present a fomrtidable engineering challenge. Various 
attempts have been made heretofore to provide primary 

20 interconnection structures and methods to meet these 
concerns, but none of these Is truly satisfactory In every 
respect. At present, the most widely utilized primary in- 
terconnection methods are wire bonding, tape automat- 
ed bonding or 'TAB" and flip-chip bonding. 

25 [0007] In wire bonding, the substrate has a top sur- 
face with a plurality of electrically conductive contact 
pads or lands disposed -in a ring-like pattern. The chip 
is secured to the top surface of the substrate at the cent- 
er of the ring-like pattern, so that the chip is sun-ounded 

30 by the contact pads on the substrate. The chip is mount- 
ed In a face-up disposition, with the back surface of the 
chip confronting the top surface of the substrate and with 
the front surface of the chip facing upwardly, away from 
the substrate, so that electrical contacts on the front sur- 

35 face are exposed. Fine wires are connected between 
the contacts on the front face of the chip and the contact 
pads on the top surface of the substrate. These wires 
extend outwardly from the chip to the surrounding con- 
tact pads on the substrate. In the wire bonded assem- 

40 blies, the area of the substrate occupied by the chip, the 
wires and the contact pads of the substrate is substan- 
tially greater than the surface area of the chip Itself. 
[0008] In tape automated bonding, a polymer tape is 
provided with thin layers of metallk: material forming 

45 conductors on a first surface of the tape. These conduc- 
tors are arranged generally in a ring-like pattern and ex- 
tend generally radially, towards and away from the cent- 
er of the ring-like pattern. The chip is placed on the tape 
In a face down arrangement, with contacts on the front 

so surface of the chip confronting the conductors on the 
first surface of the tape. The contacts on the chip are 
bonded to the conductors on the tape, ordinarily, numer- 
ous patterns of conductors are an'anged along the 
length of the tape and one chip is bonded to each of 

55 these individual patterns, so that the chips, once bonded 
to the tape, can be advanced through successive wori< 
stations by advancing the tape. After each chip is bond- 
ed to the metallic conductors constituting one pattern. 
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the chip and the immediately adjacent portions of the 
pattem are encapsulated and the outermost portions of 
the metallic conductors are secured to additional leads 
and to the ultimate substrate. Tape automated bonding 
can provide the assembly with good resistance to ther- 
mal stresses, because the thin metallic leads on the tape 
surface are quite flexible, and will bend readily upon ex- 
pansion of the chip without imposing significant stresses 
at the juncture between the lead and the contact on the 
chip. IHowever, because the leads utilized in tape auto- 
mated bonding extend outwardly in a radial, "tan out" 
pattem from the chip, the assembly is much larger than 
the chip itself. 

[0009] In flip-chip bonding, contacts on the front sur- 
face of the chip are provided with bumps of solder. The 
substrate has contact pads arranged In an an^ay con'e- 
sponding to the an'ay of contacts on the chip. The chip, 
with the solder bumps. Is Invertedso that its front surface 
faces toward the top surface of the substrate, with each 
contact and solder bump on the chip being positioned 
on the appropriate contact pad of the substrate. The as- 
sembly is then heated so as to liquify the solder and 
bond each contact on the chip to the confronting contact 
pad of the substrate. Because the flip-chip arrangement 
does not require leads arranged in a fan-out pattem, it 
provides a compact assembly. The area of the substrate 
occupied by the contact pads is approximately the same 
size as the chip itself. Moreover, the flip-chip bonding 
approach is not limited to contacts on the periphery of 
the chip. Rather, the contacts on the chip may be ar- 
ranged In a so-called "area array" covering substantially 
the entire front face of the chip. Flip-chip bonding there- 
fore is well suited to use with chips having large numbers 
of I/O contacts. However, assemblies made by flip-chip 
bonding are quite susceptible to themial stresses. The 
solder interconnections are relatively Inflexible, and may 
be subjected to very high stress upon differential expan- 
sion of the chip and substrate. These difficulties are par- 
ttcularty pronounced with relatively large chips. Moreo- 
ver, it is difficult to test and operate or "'burn-in"' chips 
having an area array of contacts before attaching the 
chip to the substrate. Additionally, flip-chip bonding or- 
dinarily requires that the contacts on the chip be ar- 
ranged in an area array to provide adequate spacing for 
the solder bumps. Flip-chip bonding normally cannot be 
applied to chips originally designed for wire bonding or 
tape automated bonding, and having rows of closely 
spaced contacts on the periphery of the chip. 

SUMMARY OF THE INVENTION 

[0010] One aspect of the present invention provides 
a semiconductor chip assembly. An assembly according 
to this aspect of the Invention typically Includes a sem- 
iconductor chip having a plurality of surfaces and having 
contacts on at least one of said surfaces. The assembly 
further includes a sheetlike, preferably flexible, element 
having terminals thereon, the temninats being electrical- 



ly connected to the contacts on the chip. Assemblies ac- 
cording to this aspect of the Invention are characterized 
in that the sheetlike element and at least some of said 
terminals overly one surface of said chip, said terminals 

5 are movable with respect to said chip and in that resilient 
means for pemnitting displacement of the terminals to- 
ward the chip, but resisting such displacement are pro- 
vided. Most preferably, a compliant layer is disposed be- 
tween said tenninals and said chip so that said compli- 

10 ant layer will be compressed upon movement of said 
terminals toward said chip. 

[001 1 ] The complaint layer may be incorporated in the 
sheetlike element, or formed separately therefrom. The 
contacts typically are disposed on the front or top sur- 

15 face of the chip. The sheetiike element and temnlnals 
may overlie sakJ front surface of the chip. Alternatively, 
the sheetiike element and said terminals may overilethe 
rear, or bottom surface of said chip. The tenninals on 
the sheetlike element can be connected to contact pads 

20 on a substrate, as by sulder bonding. Because the ter- 
minals, and hence the contact pads on the substrate 
overlie the chip front or back surface, the assembly is 
compact. The ability of the tenninals to move with re- 
spect to the chip in directions parallel to the chip surfac- 
es es provides compensation for differential thennat ex- 
pansion of the chip and substrate. 
[001 2] The ability to accumulate movement of the ter- 
minals towards the face of the chip greatly facilitates 
temporary engagement of the tenninals by test equlp- 

30 ment and hence facilitates testing and "burn-in" of the 
assembly before the same is mounted to a substrate. 
According to a further aspect of the present invention 
the compliant layer includes masses of compliant ma- 
terial interspersed with holes. Desirably, each such 

35 mass is aligned witti one of the tenninals. 

[0013] A further aspect of the invention provides 
method of making a semiconductor chip assembly in- 
cluding the step of assembling a flexible, sheetiike ele- 
ment having terminals thereon to a semlnconductor chip 

40 and connecting terminals on said sheetlike element to 
contacts on said chip. Methods according to this aspect 
of the invention desirably are characterized in that the 
assembling step is conducted so that said tenninals on 
said sheetiike element overlie a surface of the chip and 

^ in that a compliant layer is disposed between said chip 
and said tenninals. Most preferably, these methods are 
further characterized by the step of testing the chip by 
establishing temporary electrical contact between a plu- 
rality of test probes and said terminals and utilizing said 

so temporary electrical contact to actuate said chip. The 
compliant layer pemnits displacement of at least some 
of said central terminals toward said chip during the step 
of establishing temporary electrical contact. The step of 
establishing temporary electrical contact preferably in- 

ss eludes the step of simultaneously establishing tempo- 
rary contact between a plurality of tenninals and a plu- 
rality of test probes rigidly connected to a test fixture. 
[001 4] Further aspects of the invention provide com- 
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ponents for assembly to a semiconductor chip including 
a flexible sheetlike element having terminals thereon, 
characterized by a compliant layer underlying said ter- 
minals. The compliant layer preferably includes masses 
of a low modulus material and holes interspersed with 
said masses of low modulus material, said masses of 
said (ow modulus material being aligned with said ter- 
minals, said holes in said compliant layer being out of 
alignment with said tennlnals. 
[0015] A chip assembly according to a further aspect 
of the invention includes a semiconductor chip having a 
front surface with a plurality of contacts disposed in a 
pattern on the front surface. The pattern of contacts on 
the front surface encompasses an area, referred to 
herein as the "contact pattern area" on the front surface. 
The chip assembly according to this aspect of the Inven- 
tion also includes a sheetlike dielectric element, referred 
to herein as "interposer", overlying the front surface of 
the chip. The interposer has a first surface facing toward 
thechip and asecond surface facing away from the chip. 
An area of the Interposer overlies the contact pattern 
area of the chip. The interposer has apertures extending 
through it, from the first surface to the second surface. 
The interposer also has a plurality of electrically conduc- 
tive terminals disposed in a pattern on the second sur- 
face of the interposer. At least some of these terminals, 
and preferably most or all of these terminals, are dis- 
posed within the area of the interposer overlying the 
contact pattem area on the chip. Each such tenninal is 
associated with one contact on the chip. 
[001 6) The assembly also includes flexible, eleclrical- 
iy conductive leads. The leads preferably extend 
through the apertures in the interposer. Each such lead 
has a contact end connected to the associated contact 
of the chip and a temninal end connected to the associ- 
ated temninal on the second surface of the interposer 
The leads and the interposer are constructed and ar- 
ranged so that the contact ends of the leads are move- 
able relative to the terminals at least to the extent re- 
quired to compensate for differential thermal expansion 
of components. The leads desirably are flexible to per- 
mit such movement. Most preferably, the interposer it- 
self is flexible so as to facilitate such movement. The 
assembly according to this aspect of the invention op- 
tionally may Include a compliant layer as discussed 
above. 

[001 7] The assembly incorporating the chip, interpos- 
er, terminals and leads may be incorporated in a larger 
assembly including a substrate having a top surface fac- 
ing toward the second surface of the interposer. 
[001 8) Preferred chip assemblies according to this as- 
pect of the present invention are compact and may be 
utilized with chips having large numbers of input-output 
connections. The terminals on the Interposer, and the 
corresponding contact pads on the substrate, desirably 
are disposed in areas substantially the same size as the 
contact pattem area on the chip itself. 
[0019] The flexible leads may be formed integrally 



with the temiinals on the interposer, or else may be sep- 
arately fomned fine wires. The leads desirably are 
curved to provide increased flexibility. The interposer 
desirably is a thin, flexible sheet of a polymeric material 
5 such as polymide, a fluoropolymer, a thennoplastic pol- 
ymer or an elastomer. In this arrangement, flexing of the 
interposer facilitates movement of the contact ends of 
the leads relative to the terminals and thus contributes 
to the ability of the assembly to withstand themnal cy- 
cling. The assembly may also include a compliant die- 
lectric encapsulant having a low elastic modulus, such 
as an elastomeric encapsulant, covering the flexible 
leads in whole or in part. The encapsulant may be pro- 
vided in the form of a layer, with holes in the encapsulant 
layer aligned with the temninals on the second surface 
of the interposer. The bonds between the temiinals and 
the contact pads of the substrate extend through these 
holes. The encapsulant protects the relatively delicate 
leads during handling and during service, but does not 
prevent flexing of the leads or the absorption by the 
leads of relative motion of the chip and substrate during 
thermal expansion. 

[0020] A chip assembly according to yet another as- 
pect of the present invention incorporates a chip having 
a front surface including a central region and a periph- 
eral region sun'ounding the central region, thechip hav- 
ing a plurality of peripheral contacts disposed in the pe- 
ripheral region of the front surface. The assembly pref- 
erably further includes a sheet-like dielectric interposer 
overlying the central region of the chip front surface. The 
interposer has a first surface facing downwardly toward 
the chip and a second surface facing upwardly, away 
from the chip. The Interposer also has edges disposed 
inwardly of the peripheral contacts. For example, the in- 
terposer may overly only the central portion of the chip 
front surface. A plurality of central terminals are dis- 
posed on the interposer and overly the central region of 
the chip front surface. The assembly preferably also in- 
cludes a plurality of peripheral contact leads connecting 
at least some of the peripheral contacts on the chip with 
at least some of the central terminals on the interposer. 
Each such peripheral contact lead thus has a central ter- 
minal end overlying the interposer and connected to one 
of the central terminals and a contact end projecting out- 
wardly beyond one of the edges of the interposer and 
connected to one of the peripheral contacts. Each pe- 
ripheral contact lead extends inwardly from one of the 
peripheral contacts to o ne of the central temninals on the 
interposer. The peripheral contact leads and preferably 
the interposer as well are at least partially flexible so that 
the central temiinals are movable with respect to periph- 
eral contacts to accommodate movement caused by dif- 
ferential themial expansion. Here again, the assembly 
may optionally Include a compliant layer as discussed 
above. Desirably, the peripheral contact leads include 
bent portions. 

[0021] The peripheral contact leads and central ter- 
minals provide a "fan-in" arrangement in which the ter- 
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minals on the Interposer are disposed inside the region 
bounded by the peripheral contacts on the chip. Typi- 
cally, the peripheral contacts on the chip are disposed 
in one or two rows along each edge of the chip, in a 
generally rectangular pattern , so that the contacts on the 
chip are close to one another. By contrast, the tenninals 
on the interposer may be substantially evenly disposed 
over the second surface of the interposer. The central 
terminals may be disposed in a so-called "area array". 
Accordingly, the distance between adjacent temninals 
may be substantially greater than the distance between 
adjacent contacts on the chip. The distances between 
adjacent tenninals on the interposer may be large 
enough to accommodate solder bonding and similar 
processes which require substantial distances between 
adjacent bonds. 

[0022] Some or all of the peripheral contact leads may 
have outward extensions projecting outwardly beyond 
the peripheral contacts of the chip. The assembly may 
include securement means for holding these outward 
extensions. For example, one or more securement efe- 
ments may be disposed outwardly of the peripheral con- 
tacts, and each such securement element may be phys- 
ically connected to a plurality of the outward extensions 
on the peripheral contact leads. Each such securement 
element may be a generally planar strip of dielectric ma- 
terial having an inboard edge extending generally par- 
allel to one of the edges of the interposer so that each 
pair of parallel edges define an elongated slot between 
each such securement element and the interposer, and 
each peripheral contact lead may extend across one of 
these slots. In this arrangement, the peripheral contacts 
of the chip may be disposed in alignment with the slots 
between the securement elements and the interposer. 
The securement element may be physically connected 
to the interposer, as by bridge elements extending be- 
tween the securement elements and the interposer at 
spaced-apart locations around the periphery of the chip 
front surface. The securement elements, bridge ele- 
ments and interposer may be fomried integrally with one 
another as a single, sheet-like unit. The securement el- 
ements provide physical reenforcement to the peripher- 
al contact leads during the manufacturing operations 
and in service. Additional tenninals, referred to herein 
as "outside" terminals, may be disposed on the secure- 
ment elemente, and may be connected to some of the 
peripheral contacts on the chip by outside terminal leads 
extending across the slots, the inboard ends of the out- 
side tenninal leads being secured to the interposer so 
that the slot and interposer cooperatively provide rein- 
forcement to the outside tenninal leads as well. 
[0023] These assemblies may be made by methods 
which include the step of assembling a sheet-like die- 
lectric interposer to the chip so that the Interposer over- 
lies the central region of the chip front surface, the out- 
board edges of the interposer being disposed inwardly 
of the peripheral contacts on the chip. When the dielec- 
trk: interposer is disposed on the chip, a first surface of 



the interposer faces downwardly toward the chip and a 
second surface of the interposer faces upwardly away 
from the chip, and a plurality of central temninals on the 
interposer overly the central region of the chip front sur- 

5 face. The method furtherincludes the stepof connecting 
a plurality of peripheral contact leads between at least 
some of the peripheral contacts of the chip and at least 
some of the central terminals on the interposer. so that 
each such peripheral contact lead extends inwardly 

10 from one of the peripheral contacts on the chip to one 
of the central terminals on the interposer. The method 
may further include the step of assembling a substrate 
having a plurality of contact pads to be assembled In- 
terposer and chip and connecting each of the central 

IS terminals on the interposer to one of the contact pads 
on the substrate. 

[0024] The interposer may have prefabricated leads 
mounted thereon and connected to the central terminals 
before the interposer is assembled to the chip. In this 

^ case, the prefabricated contact leads are positioned on 
the chip when the interposer is assembled to the chip. 
Such prefabricated contact leads may be electrically 
connected to the contacts of the chip by thermolcom- 
pression bonding or similar processes. Alternatively, the 

25 peripheral contact leads may be formed after the Inter- 
poser is applied to the chip, as in a wire-bonding step in 
which a fine wire is dispensed and fomied into a lead 
connecting the contact and tenninal. Preferably, secure- 
ment elements are provided as discussed above with 

30 reference to the chip assembly, and the securement el- 
ements are connected to the interposer before the in- 
terposer is placed on the chip. In this case, the secure- 
ment elements may support the prefabricated leads dur- 
ing the -step of placing the interposer on the chip. 

35 [0025] A semiconductor chip assembly in accordance 
with yet another aspect of the invention includes a sem- 
iconductor chip having oppositely facing front and rear 
surfaces with edges extending between these surfaces, 
the chip having contacts on the front surface. The as- 

40 sembly further includes a generally sheet-like element 
referred to herein as "backing element" underiying the 
chip, the backing element having a top surface facing 
toward the chip and a bottom surface facing away from 
the chip. A central region of the backing element is 

*5 aligned with the chip. The backing element Is provided 
with terminals. At least some, and preferably all of the 
terminals on the backing element are disposed In the 
central region, so that the terminals underlie the bottom 
surface of the chip. The assembly in accordance with 

50 this aspect of the present invention further includes elec- 
trically conductive leads interconnecting the contacts on 
the chip front surface with the tenninals on the backing 
element, these leads extending alongside the edges of 
the chip. Preferably, the backing element and the leads 

55 are flexible so that the terminals on the backing element 
are moveable with respect to the chip. Thus, the temni- 
nals desirably are moveable with respect to the contacts 
on the front surface of the chip in directions parallel to 
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the plane of the chip top and bottom surfaces . The back- 
ing element and leads provide for connection to the chip 
at the back surface, so that the chip can be mounted in 
face-up disposition on a substrate. However, because 
the tenninals on the backing element are disposed in s 
the central region and aligned with the chip itself, the 
connections to the substrate can be made in the area 
beneath the chip. Therefore, the assembly need not be 
substantially larger than the chip itself. 
[0026] The ability to accommodate relative movement 
between the chip and the temninals on the backing ele- 
ment allows the assembly to accommodate differential 
thermal expansion between the chip and substrate. De- 
sirably, the temninals on the backing elements are also 
moveable relative to the chip in directions towards the 
bottom surface of the chip as discussed above, and the 
assembly may include resilient means for pemnitting 
movement of the terminals towards the bottom surface 
but resisting such movement. For example, the assem- 
bly may incorporate a layer of a compliant material dis- 
posed between the chip rear surface and the terminals. 
[0027] Most desirably, the assembly includes at least 
one generally sheet-like flap connected to the backing 
element. Each such flap extends upwardly, towards the 
front surface of the chip and away from the backing el- 
ement alongside one edge of the chip. Each of the afore- 
mentioned leads desirably includes a flap portion ex- 
tending along one of these flaps. The flaps may be 
formed integrally with the backing element. Desirably, 
both of the flaps and the backing element include elec- 
trically conductive layers and a dielectric layer disposed 
between the electrically conductive layers and the leads 
so as to provide a controlled impedance In the leads. 
Assemblies of this type are especially well suited to use 
with chips having contacts aranged in rows adjacent 
the periphery of the chip front surface peripherate. De- 
sirably, each flap extends to the vicinity of at least one 
row of contacts. The flap portions of the leads on each 
such flap are connected to the adjacent row of contacts. 
Such connection may be made for instance by wire 
bonding or by direct connections between the flap por- 
tions of the leads and the contacts on the chip. Even 
where wire bonding is employed, however, the wires ex- 
tending between the chip contacts and the flap portions 
of the leads are short. Such short wire bonds can be 
readily applied and have relatively low inductance. 
[0028] Most preferably, the chip assembly includes 
one or more support elements disposed between the 
flaps and the edges of the chip. The support elements 
may cooperatively constitute a ring or box sun'ounding 
the chip. The box may also incorporate a floor element 
disposed beneath the rear surface of the chip, between 
the rear surface and the backing element. Where the 
assembly includes a floor element underlying the chip 
rear surface, the compliant layer may be disposed be- 
tween the floor element and the tenninals, as, for exam- 
ple, between the floor element and the backing element. 
These arrangements provide for mechanical support of 



the flaps and protection of the interconnections. Further 
protection may be afforded by encapsulating the assem- 
bly. 

[0029] Further aspects of the invention provide com- 
ponents incorporating subassemblies of the backing el- 
ement, leads and support element. Preferably, these 
components include support elements defining a box, 
and Include flaps integral with the backing element ex- 
tending upwardly along the sides of the box, The con- 
ductors extending along the flaps are prepositioned ad- 
jacent the top edges of the box walls. In manufacture of 
the assembly, the chip may be placed within the box and 
the conductors may be joined to the chip terminals. 
[0030] Assemblies as discussed above may be incor- 
porated in a larger assembly with a substrate having 
contact pads, the contact pads of the substrate being 
aligned with the terminals on the backing element and 
connected thereto. Such connection may be made for 
example by masses of electrically conductive bonding 
material disposed between the terminals and the con- 
tact pads of the substrate. 

[0031] A further aspect of the present invention pro- 
vides a circuit assembly including a plurality of chip as- 
semblies, each Including an interposer and a backing 
element as discussed above. According to this aspect 
of the invention, the chip assemblies may be an-anged 
in a stack, one on top of the other, such that each chip 
assembly other than the bottom-most chip assembly 
overlies another, immediately subjacent chip assembly. 
The bottom surface of the backing element in each such 
overlying chip assembly faces the second surface of the 
interposer of the immediate subjacent chip assembly. 
Most preferably, at least sonrte of the inside tenninals on 
the backing element of each such overlying chip assem- 
bly are connected to the central tenninals on the inter- 
poser of the immediately subjacent chip assembly, so 
that the chips of the various chip assemblies are elec- 
trically connected to one another. 
[0032] Further aspects, features and advantages of 
the present invention will be more readily apparent from 
the detailed description of the preferred embodiments 
set forth below, taken In conjunction with the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0033] Figure 1 is a diagrammatic perspective view of 
a chip assembly in accordance with one embodiment of 
the invention. 

[0034] Figure 2 is a fragmentary sectional view taken 
along line 2-2 in Fig. 1 . 

[0035] Figure 3 is a fragmentary view, on an enlarged 
scale, of the area indicated in Fig. 2. 
[0036] Figure 4 is a layout diagram deputing the spa- 
tial relationship of certain components in the assembly 
of Fig. 1. 

[0037] Figures 5A and 5B are fragmentary diagram- 
mate perspective views deputing certain operations, in 
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manufacture of a component utilized in the assembly of 
Fig. 1. 

[0038] Each of Figures 6, 7 and 8 is a fragmentary 
diagrammatic perspective view depicting certain opera- 
tions In the process of manufacture of the assembly of 
Fig.1. 

[0039] Figure 9 is a fragmentary diagrammatic per- 
spective view similar to Fig. 7 but depicting components 
and process st^s in accordance with a further edbod- 
iment of the invention. 

[0040] Each of Figures 1 0A through 1 0E is a fragmen- 
tary diagrammatic perspective view depicting a stage in 
a further component fabrication process according to 
the Invention. 

[0041 1 Fig. 11 Is a diagrammatic plan view of a semi- 
conductor chip incorporated in one embodiment of the 
present invention. 

[0042] Fig. 1 2 is a view similar to Fig. 1 1 but showing 
the chip in conjunction with additional components. 
[0043] Fig. 1 3 is a fragmentary, partially sectional per- 
spective view on an enlarged scale depicting portions 
of the components illustrated in Fig. 12. 
[0044] Fig. 14 is a fragmentary, diagrammatic section- 
al view depicting the components shown in Fig. 13 to- 
gether with additional components and process equip- 
ment. 

[0045] Fig. 15 is a fragmentary, diagrammatic section- 
al view depicting an assembly operation according to a 
further embodiment of the invention. 
[0046] Fig. 1 6 is a fragmentary, partially sectional di- 
agrammatic -perspective view depicting an assembly 
according to a further embodiment of the invention. 
[0047] Fig. 1 7 is a diagrammatic plane view depicting 
the assembly of Fig. 16. 

[0048] Fig. 18 is a diagrammatic plan view depicting 
an assembly according to yet another embodiment of 
the invention. 

[0049] Fig. 19 is a fragmentary plan view depicting 
certain components used in the assembly according to 
Figs. 16 and 17. 

[0050] Fig. 20 Is a fragmentary perspective view sim- 
ilar to Fig. 16 but depicting portions of any assembly in 
accordance with a further embodiment of the invention. 
[0051] Fig. 21 is a diagrammatic plan view of a com- 
ponent. 

[0052] Fig. 22 is a fragmentary sectional view on an 
enlarged scale taken along lines 22-23 in Fig. 21 . 
[0053] Fig. 23 is a diagrammatic perspective view of 
a further component used with the components of Figs. 

21-22. 

[0054] Fig. 24 is a fragmentary sectional view tal<en 
along lines 24-24 in Fig. 23. 

[0055] Fig. 25 is a diagranrunatic perspective view 
showing the components of Figs. 21 -24 at an intemie- 
diate stage of an assembly process. 
[0056] Fig. 26 is a fragmentary, partially sectional per- 
spective view depicting a final assembly incorporating 
the connponents of Figs. 21-25. 



[0057] Fig. 27 and 28 are fragmentary, partially sec- 
tional perspective views depicting components In ac- 
cordance with additional embodiments of the invention. 
[0058] Fig. 29 and 30 are diagrammatic sectional 
s views depicting still further embodiments. 

DETAILED DESCRIPTION OF THE PREFERRED 
ElVIBODIimENTS 

10 [0059] Each chip assembly in accordance with one 
embodiment of the present Invention includes a rigid 
substrate 20 having a top surface 22 and having contact 
pads 24 disposed on the top surface. Substrate 20 is 
also provided with conductors 26 interconnecting cer- 

is tain ones of the contact pads 24, The contact pads 24 
are ananged in a pattern on the top surface of the sub- 
strate generally corresponding to the pattern of connec- 
tions to devices, such as semiconductor chips 28 and 
30 and discrete components 32 mounted on the sub- 

^ strate. Substrate 20 also has external connections such 
as pins 34. The conductors 26 are arranged to Intercon- 
nect the various contact pads 24 in the desired pattems 
so as to interconnect chips 28 and 30 when the same 
are mounted to the substrate and also to connect these 

25 chips to the discrete components 32 and to the external 
connectors 34 In the appropriate manner for functioning 
of the particular circuit. Although only a few contact pads 
24, conductors 26 and external connections 34 are il- 
lustrated in Fig. 1 , the substrate 20 may have an unlim- 

30 ited number of contact pads 24, conductors 26 and ex- 
ternal connections 34. Hundreds or thousands of these 
elements typically are provided in each substrate. 
[0060] Chip 28 has a generally planar rear face 36 and 
a generally planar front face 38 with electrical contacts 

35 40 (Fig. 2) disposed thereon. The electrical contacts 40 
are electrically connected to the internal electronic com- 
ponents (not shown) of chip 28. Chip 28 Is mounted on 
substrate 20 in a front-face- down orientation, with the 
front face 38 of the chip facing toward the top of face 22 

40 of the substrate. A flexible, sheetlike dielectric interpos- 
er 42 is disposed between the chip and the substrate. 
Interposer 42 has a first generally planar face 44 facing 
toward chip 28 and a second generally planar face 46 
facing in the opposite direction, away from chip 28. In- 

45 terposer 42 may incorporate one or more layers. Pref- 
erably, the interposer includes a compliant, compressi- 
ble layer as further discussed below. Interposer 42 has 
a plurality of terminals 48 on its second face 46. Each 
such temriinal is associated with one of the contacts 40 

so on chip 28 and connected to such contact by a flexible 
lead 50. Each temiinal 48 is also associated with one 
contact pad 24 on substrate 20, and each terminal is 
bonded to the associated contact pad by a mass 52 of 
electrically conductive bonding material such as solder 

55 or a conductive polymer. Thus, the contacts on chip 40 
are interconnected, via leads 50, temninals 48 and 
masses 52 with the contact pads 24 on the substrate. 
[0061] Interposer 42 has apertures 54 extending 
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through it, from its first surface 44 to Its second face of 
46. Each aperture is aligned with one contact 40 on chip 
28. Each terminal 48 is disposed adjacent one of the 
apertures 54. The lead 50 associated with each terminal 
has a contact end 56 disposed within the associated ap- 
erture 54 and connected to the associated contact 40 
on the chip. Each lead 50 also has a terminal end 58 
connected to the associated terminal 48. In the structure 
of Fig. 2, the leads 50 are fomned integrally with the ter- 
minals 48 so that the temiinal end 58 of each lead merg- 
es with the associated tenninal 48. As best seen in Fig. 
2, each lead 50 is curved between its contact end 56 
and its terminal end 58. The curvature is In the direction 
perpendicular to the faces 46 and 48 of the interposer. 
An elastomeric, dielectric encapsulant 60 is disposed in 
apertures 54 so that the encapsulant covers the contact 
ends 56 of leads 50 and hence covers the junctures of 
the leads with the contacts 40. 
[0062] The contact end 56 of each lead 50 is move- 
able relative to the associated temninal 48. As best seen 
in Fig. 3, the contact end 56a of lead 50a can be dis- 
placed from its nonnal, undefomied position (shown in 
solid lines) in the directions parallel to the faces 44 and 
46 of interposer 42 and parallel to the front face 38 of 
chip 28. For example, the contact end 56a may be dis- 
placed to the position indicated in brol<en lines at 56a'. 
This displacement is permitted by the flexibility of the 
lead 50 and by buckling and wrinkling of interposer 42. 
Encapsulant 60 is compliant, and does not substantially 
resist flexing of leads 50 and buckling and wrinkling of 
interposer 42. The displacement illustrated in Fig. 3, 
from the normal undisplaced position 56a to the dis- 
placed position 56a' places the lead 50 in compression. 
That is, the terminal end 56a moves generally toward 
the associated terminal 48 in moving from position 56a 
to position 56a'. Movement in this direction Is partlcularty 
well accommodated by buckling of the lead 50. The con- 
tact end of each lead can also move in other directions, 
such as in the opposite direction from position 56a away 
from the associated terminal 48, and in directions per- 
pendicular to these directions, into and out of the plane 
of the drawing as seen in Fig. 3. Prefabricated leads 
fomned on the interposer may curved in directions par- 
allel to the face of the interposer and parallel to the plane 
of the front face of the chip. This provides increased flex- 
ibility In the leads. Desirably, the curved portion of each 
lead overlies an aperture in the interposer. Thus, the 
curved portion of the lead is not bonded to the interpos- 
er. This portion of the lead therefore can flex to accom- 
modate relative movement of the contact and temiinal 
without deformation of the interposer. 
[0063] As best seen in Fig. 4, the contacts 40 on chip 
28 (each symbolized by a dot in Fig. 4) are disposed In 
a pattern on the front surface of chip 28. Contacts 40 
cooperatively encompass a contact pattern area 62 on 
the front face of chip 28. The boundary of the contact 
pattern area is illustrated by a broken line B in Fig. 4. 
The boundary of the contact pattem area may be taken 



as the shortest combination of imaginary line segments 
along the front face of the chip which cooperatively en- 
close all of the contacts 40. In the particular example 
illustrated in Fig. 4, this boundary is generally in the form 

5 of a rectangle. Contacts 40 are disposed throughout 
contact pattern area 62, in locations detemnined by the 
interior structure of chip 28. Contact pattem area 62 in- 
cludes a peripheral region, adjacent the boundary B, 
and a central region, adjacent the geometric center 64 

10 of the contact pattem area. Contacts 40 are disposed 
both in the peripheral region and in the central region. 
Typically, although not necessarily, the contacts 40 are 
disposed at substantially equal spacings throughout the 
entirety of contact pattern area 62. The terminals 48, 

19 each symbolized by an X in Fig. 4, are disposed in a 
similar pattern on the second surface 46 of interposer 
42. At least some of terminals 40 are disposed in the 
area of intetposer surface 46 overlying contact pattern 
area 62. Terminals 64 encompass a terminal pattern ar- 

20 ea 66 on the second face 46 of the interposer. The 
boundary of terminal pattern area 66 is illustrated in Fig. 
4 by the broken line T. The boundary of the terminal pat- 
tern area may be taken as the shortest combination of 
imaginary line segments which would cooperatively en- 

25 close all of the temninals on the second surface of the 
interposer. The geonratric center of temninal anay area 
66 desirably is coinckjent, or approximately coincident, 
with the geometric center 64 of the contact array area. 
Desirably, terminal pattern area 66 Is not substantially 

30 larger than contact pattern area 62. That is, the perim- 
eter of the terminal area preferably is less than about 
1 .2 times, and most preferably about 1 .0 times the pe- 
rimeter of contact pattern area 62. Stated another way, 
the outemrtost temiinals 48 desirably lie within or close 

35 to the boundary B of contact an-ay area 62. The total 
area encompassed within temiinal pattem area 66 de- 
sirably Is less than about 1 .4 times, and most desirably 
about 1 .0 times the total area encompassed within con- 
tact pattern area 62. Thus the leads 50 connecting con- 

"fo tacts 48 to temiinals 40 do not "fan out", away from the 
geometric center 64 the contact pattern area. Typically, 
the mean distance of the temiinals 48 from geometric 
center 64 of the contact pattern area, measured In the 
direction parallel to the surfaces of the chip and inter- 

*5 poser. Is less than ^out 1.1, and typk;ally about 1.0, 
times the mean distance of the chip contacts 40 from 
center 64. 

[0064] The interposer and leads utilized In the struc- 
ture of Figs. 1 -4 maybe fabrrcated by a process as sche- 

50 matically illustrated in Figs. 5A-5B. In this procedure, the 
terminals 48 and leads 50 may be deposited on the sec- 
ond surface 46 of the sheetlike Interposer by conven- 
tional printed circuit manufacturing techniques before 
fonnation of apertures 54. Thus, the leads and terminals 

55 may be formed either by an additive process, wherein 
the metal is deposited in the desired pattern by plating, 
or else in a subtractive process whk^h begins with a lam- 
inate including both the sheetlike interposer 42 and a 
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fult layer of metal and removes the metal except in the 
areas where the terminals and leads are desired, so as 
to yield a sheet having the temiinals and leads in posi- 
tion (Fig. 5A). After formation of the terminals and leads, 
apertures 54 are formed in registration with the contact 
ends 56 of the leads SO (Fig. SB) by etching through the 
interposer from the first surface 44, or by applying radi- 
ant energy such as laser beam focused at the appropri- 
ate spots on the first surface 44. 
[0065] A further method of making a component in- 
corporating the interposer, temiinals and leads is shown 
in Figs. 1 0A-IDE. In this method, the apertures 54 are 
formed in interposer 42, and the aperture interposer is 
provided with a layer 302 of adhesive on the second sur- 
face 46 of the interposer. A conductive sheet, such as 
a sheet of copper 304 is applied on the first surface of 
the interposer, so that sheet 304 overlies adhesive 302 
and so that sheet 304 overlies the apertures 54. A first 
surface 306 of sheet 304 faces towards interposer 42 
and confronts the second surface 46 of the interposer, 
with the adhesive layer 302 disposed there between. A 
second surface 308 of the conductive sheet faces away 
from the interposer. A layer 310 of a photosensitive re- 
sist composition is applied on the second surface 308 
of conductive layer 304. A second resist composition 
31 2 Is placed within apertures 54 so that resist 31 2 cov- 
ers the first surface 306 of conductive layer 304 within 
apertures 54. Desirably, resist 31 2 is applied by applying 
a layer of the second resist composition to the first sur- 
face 44 of interposer 42 as illustrated In Fig. 10B. Both 
resist compositions 310 and 312 may be provided as 
so-called "dry resist" i.e., as a film of resist composition 
which can be laminated to the other structures. Resist 
composition 312 is laminated to the first surface 44 of 
the interposer 42 under pressure so that the resist com- 
position flows into apertures 54 and substantially fills 
these apertures. 

[0066] In the next stage of the process, depicted in 
Fig. IOC, the first resist layer 310 is selectively cured 
and uncured portions are removed so as to leave the 
cured resist in a pattern con-esponding to the desired 
pattern of conductive materials in the finished product. 
Such selective curing and removal of a resist layer may 
be accomplished by known photographic techniques. 
The remaining resist pattern on the second surface 308 
of the conductive layer 304 includes elongated lead ar- 
eas 31 4 and terminal areas 316 contiguous with the lead 
areas. At least a part of each lead area 31 4 overlies one 
of the apertures 54 in the interposer, whereas the tenni- 
nal areas 316 do not overly the apertures. The portion 
of each lead area 314 overlying an aperture is smaller 
than the aperture, so that each lead area overlies only 
a portion of the associated aperture 54. Desirably, each 
lead area 54 protrudes lengthwise across the aperture 
54, as illustrated in Fig. 1 0C. The second resist material 
312 within apertures 54 desirably also is cured. As the 
second resist material may be cured In its entirety, and 
need not be cured selectively in a predetermined pat- 



tern, the second resist material may be of a type which 
can be cured by exposure to heat or other nonselective 
curing method. Alternatively, the second resist material 
312 may be photographically cured. 
s [0067] in the next stage of the process, illustrated in 
Fig. 1 0D, the assembly is immersed in an etehant capa- 
ble of dissolving the conductive material in layer 304 so 
that the etehant contacts this layer. During the etching 
procedure, the first resist In lead area 314 and temninal 
10 areas 31 6 protects the second surface 308 of conduc- 
tive layer 304. The interposer 42 protects the first sur- 
face 306 of layer 304 in the terminal areas 31 6 and in 
those portions of lead areas 31 4 which do not overly ap- 
ertures 54. The second resist 312 protects the first sur- 
is face 306 in those portions of lead areas 314 which over- 
lie apertures 54. The etehant therefore does not attack 
those portions of conductive layer 304 covered by lead 
portions 31 4 and tenninal portions 31 6 of the first resist 
layer 31 0. Thefirst resist Iayer31 0 and the second resist 
^ 31 2 are then removed by conventional resist decompo- 
sition processes such as exposure to solvents which at- 
tack the resist. This leaves the unattacked portions of 
conductive layer 304 as leads 50 and temiinals 48 on 
the second surface 46 of interposer 42, with a contact 
25 end 56 of each lead 50 protruding over the associated 
aperture 54 and with a temiinal end 58 of each lead con- 
nected to the associated terminal 48. 
[0068] This process can be modified. For example, 
the adhesive layer 302 may be omitted where the con- 
so ductive layer forms a satisfactory bond to the material 
of the interposer. Also, the pattern first resist 310 need 
not be provided by a subtractive process as discussed 
above but instead may be provided by an additive proc- 
ess, wherein the resist is applied only in the areas to 
35 form the pattern, as by sllkscreening. Fomiatlon of the 
leads 50 and terminal 48 by this type of etching process 
is particularly useful in fonning fine leads in good regis- 
tration with apertures 54. Also, as the apertures 54 are 
pre-formed, there is no possibility of damaging the leads 
'to during formation of the apertures. 

[0069] The assembly of the interposer and terminals 
and contacts is fabricated in a substantially continuous 
sheet or strip. As illustrated in Fig, 6, the interposers may 
be provided in the fonn of a continuous tape 70, with 
45 plural interposers 42 spaced lengthwise along the tape, 
each such interposer having terminals 48 and leads 50 
thereon. Tape 70 may be in the form of a single sheet 
of the material employed for the interposers 42, or else 
may include separate pieces of such material, each con- 
so stituting one or more interposers, secured to a backing 
or the like. Tape 70 may have sprocket holes (not 
shown) or other features such as those commonly uti- 
lized on the tapes for tape automated bonding of semi- 
conductor chips. 
55 [0070] In an assembly method according to the Inven- 
tion, tape 70 is advanced in a downstream direction (to 
the right as seen in Fig. 6) and chips 28 are connected 
to the tape upon assembly of each chip with one inter- 



9 



17 



EP1 111672 A2 



IB 



poser 42 and with the associated terminals and leads. 
The chips are subsequently canried downstreann with 
the tape, through further operations as discussed below. 
[0071] As best seen in Fig. 7, each interposer, with 
the terminals 48 and leads 50 thereon, is brought into s 
juxtapositton with a chip 28, and the chip Is aligned with 
the Interposer so that each aperture 54 is aligned with 
one contact 40 of the chip. The interposer 42 and chip 
28 are brought together, so that the first face 44 of the 
interposer bears on the front face 38 of the chip, and the 
contacts are received in the apertures 54 of the inter- 
poser. The contact end 56 of each lead 50 initially lies 
substantially in the plane of the second surface 46 of the 
interposer. A tool 74 is advanced Into engagement with 
the contact end 56 of each lead so as to defonn the con- 
tact end 58 downwardly, into the underlying aperture 54 
and towards the associated contact 40. Tool 74 may be 
a substantially conventional thennal bonding tool, ther- 
mosonic bonding tool, ultrasonic bonding tool, compres- 
sion bonding tool, or the like of the types commonly used 
in tape automated bonding or wire bonding. By advanc- 
ing the tool 74 into each aperture 54, the contact ends 
of leads are manipulated within the apertures and bond- 
ed to the contacts 40 on the chip. Although only a single 
tool 74 is depicted in Fig. 7, the bonding operation may 
be perfonned in a multiple operation, with many or all of 
the leads 50 being bonded to the associated contacts 
at once. 

[0072] After the contacts and leads have been bond- 
ed to one another, the interposer and the chip are ad- 
vanced to a further station, where the encapsulant 60 is 
applied within each aperture 54. The encapsulant 60 
may be applied dropwise, by conventional drop applica- 
tion equipment. As best seen in Fig. 8, each drop of en- 
capsulant 60 covers the contact end 56 of the associat- 
ed lead, but leaves the associated contact 48 uncov- 
ered. The encapsulant protects the relatively delicate 
contact ends 56 of the leads and the relatively delicate 
junctures with the temnlnals 40. Once the encapsulant 
has been applied, the assembly of the interposer, leads, 
temiinals and chips is advanced to a testing station. As 
illustrated in Fig. 8, the assembly, including the chip 28, 
may be tested. The test may involve connection of the 
chip, through the terminals 48, to an extemal electronic 
test device (not shown). The test device may be ar- 
ranged to operate the chip under power for an appreci- 
able period so as to "burn-In' the chip and detect any 
latent defects. Typically, numerous connections should 
be established to the chip simultaneously. As illustrated 
in Fig. 8, this may be accomplished by applying probes 
76 to temiinals 48. Probes 76 may be so called "non- 
compliant" probes. That is, probes may be an'anged to 
move in unison, in the directions towards and away from 
the chip 28 (upwardly and downwardly as seen in Fig. 
8). The probes 76 are mounted to a common fixture (not 
shown) so that the vertical position of the probes relative 
to one another are fixed. This type of "noncompliant" 
probe array is particularly convenient where the re- 



quired spaclngs between probes (the spacings of the 
temiinals 48) are relatively small. However, non-uni- 
formities in the dimensions of the probes 76 and/or in 
the dimensions of the terminals 48 or chip 28 may cause 
one or more of the probes 76 to engage the associated 
terminal 48 before the other probes have engaged their 
temnlnals. Desirably, interposer 42 is compliant, so that 
each tenninal 48 can be displaced slightly by the asso- 
ciated probe 76 in the direction toward chip 28. The re- 
gion of interposer 42 beneath each terminal 48 com- 
presses slightly to accommodate such displacement. 
This allows all of the probes 76 to engage their associ- 
ated contacts 48 without imposing excessive loading on 
any one probe. The temiinals 48 may be larger than the 
contacts on the chip, so as to provide a relatively large 
area for engagement by each contact 76 and thus ac- 
commodate a reasonable amount of misalignment of 
the contacts in the directions parallel to the faces of the 
interposer. Because each chip can be tested in this fash- 
ion, prior to assembly with the substrate, defects in the 
chips, in the terminals and leads associated with the in- 
terposer and in the bonds between the leads and the 
chip contacts can be detected before the chip is united 
with the substrate. 

[0073] After the testing operation, the chip and inter- 
poser are united with the substrate. The chip and inter- 
poser assembly is oriented so that the second face of 
the interposer, and the temiinals 48, face the top surface 
of the substrate, and each temiinal 48 confronts one 
contact pad 24 on substrate. Masses of solder are ap- 
plied between the confronting temiinals 48 and contact 
pads 24 and melted in a "solder reflow" operation so that 
the solder fomns a solid joint between the contact pad 
and tenninal, and so that the solder masses support the 
chip and interposer assembly above the substrate 20, 
in the orientation illustrated in Fig. 2. The solder appli- 
cation and reflow operation may be perfomned in sub- 
stantially the same way as the solder application and 
reflow operation of conventional flip-chip bonding. Thus, 
the masses of solder may initially be applied to the con- 
tact pads 24 of the substrate, before the chip and inter- 
poser assembly is united with the substrate. Altemative- 
ly, the solder may be applied to the temninals 48 and 
bonded to the contact pads 24 in the reflow operation. 
A flux typically is employed in the solder reflow opera- 
tion. Because the solder masses support the chip and 
interposer surface assembly above the substrate, there 
is a gap 80 between the interposer and the substrate. 
Flux residues may be rinsed out of the assembly by 
passing a rinsing fluid through this gap, 
[0074] In an assembly method according to a further 
embodiment of the invention, the interposer 42 is not 
provided with leads before the interposer is united with 
the chip 28. Instead, leads 50* are applied by bonding 
separately fonned pieces of fine wire to the terminals 48 
and to the contacts 40 after the interposer is assembled 
with the chip. Leads 50' are flexible and curved, and ar- 
ranged to defomi as discussed above so that each con- 
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tact 40, and the associated contact end of the lead 50' 
can move relative to the associated terminal 48 so as to 
accommodate thermal expansion. In the embodiment il- 
lustrated in Fig. 9, a layer of an adhesive 81 is disposed 
between the first surface of the interposer and the front 5 
surface of the chip. 

[0075] The subassembly illustrated In Fig. 9 may be 
further provided with an encapsulant (not shown) in the 
form of a layer covering substantially the entire second 
face 46 of Interposer 42 and hence filling the apertures io 
54 and covering the leads 50'. The layer is provided with 
holes in alignment with the tenninals 48. These holes 
may be fomned by etching the encapsulant layer by ap- 
plying this layer in a selective coating process such as 
silk screening or the like or by applying the encapsulant is 
layer In a selective curing process. Thus, the encapsu- 
lant whrch may be curable by ultraviolet or other radiant 
energy. The encapsulant may be deposited over the en- 
tire interposer, and over tenninals 48. After application 
of the encapsulant, radiant energy may be applied se- 20 
lectively, so that the areas of the layer overlying tenni- 
nals 48 remain uncured. These layers are then removed 
by washing or by a relatively mild etching operation, 
leaving holes in alignment with terminals 48. Alternative- 
ly, the encapsulant layer may be cured non-selectively 25 
and then portions may be removed by applying radiant 
energy such as laser light in alignment with tenninals 
48. Masses of electrically conductive bonding material 
are deposited within these holes in the encapsulant lay- 
er. These masses are then engaged with the contact 30 
pads (not shown) of the substrate and heated so that 
bonding material fomns a bond between each terminal 
48 and the associated contact pad on the substrate, in 
a manner similar to the solder bonds of the assembly 
depicted In Fig. 2. 3S 
[0076] A chip may have contacts disposed in a periph- 
eral arrangement, i.e., where all of the contacts are dis- 
posed adjacent the periphery of the chip and hence ad- 
jacent the periphery of the contact pattem area. The 
central zone of the contact pattern area, adjacent the 40 
geometric center of the contact array, may be devoid of 
contacts. With such a chip, the tenninals on the inter- 
poser may be arranged in a "fan in" pattern, i.e., where 
the mean distance from the geometric center of the con- 
tact array to the terminals on the interposer Is less than ^ 
the mean distance from this geometric center to the con- 
tacts on the chip. Some of the tenninals are disposed 
on the area of the interposer overlying the central, con- 
tact-free zone of the contact pattern area. This arrange- 
ment can provide a substantially uniform distribution of so 
tenninals over an area equal to the contact pattern area. 
This provides a spacing between adjacent terminals 
larger than the spacing between adjacent contacts. 
Such an arrangement allows connection of chips with 
peripheral contact arrays to area arrays of contact pads ss 
on the substrate. Thus chips originally intended for con- 
ventional bonding processes such as tape automated 
bonding can be adapted readily and economically to 



substrates having compact contact pad arrays similar to 
those used In flip-chip bonding. 
[0077] Chips may be provided In the form of a wafer 
incorporating a plurality of chips, all of the same design 
or of differing designs. Individual, separate, interposers 
may be positioned on the individual chips constituting 
wafer and the interposers may be assembled to the 
chips as discussed above. In this operation, the contacts 
on each chip are secured to the leads and tenninals of 
each interposer. After the interposers are secured to the 
chips, and desirably after the junctures between the 
leads of each interposer and the contacts of each chip 
are encapsulated, the individual chips are separated 
from the wafer and from one another, as by cutting the 
wafer using conventional wafer severing or "dicing"' 
equipment commonly utilized to sever individual chips 
without interposers. This procedure yields a plurality of 
chip and interposer subassemblies, each of which may 
be secured to an individual substrate. 
[0078] Alternatively, a wafer incorporating a plurality 
of chips may be assembled to a sheet incorporating a 
plurality of interposers. Again, the contacts on each chip 
are secured to the tenninals and leads of one individual 
interposer overiying the partteular chip. The wafer and 
the sheet are severed after this operation, and desirably 
after encapsulating the leads, so as to provide Individual 
subassemblies each including a chip and an interposer. 
[0079] Interposers also may be provided in the fonn 
of a sheet incorporating plural interposers such as inter- 
poser and at predetennined relative positions corre- 
sponding to the positions of chips on a completed as- 
sembly including a substrate. Chips may be secured to 
the Individual interposers and the entire assembly of plu- 
ral chips and the sheet of plural interposers may be se- 
cured to a substrate. Each Interposer in such an assem- 
bly desirably incorporates a pattern of tenninals and 
leads as discussed above. This variant of the assembly 
procedures provides for consolidation of plural chips in- 
to a larger subassembly before bonding to the substrate. 
[0080] A semiconductor chip 820 used in a further em- 
bodiment of the invention has a generally planar front 
face 822 (the face visible in Fig. 11) having a central 
region 824 adjacent the geometric center of the face and 
a peripheral region 826 adjacent the edges 828 bound- 
ing face 822. The front or contact-bearing face 822 of 
the chip is regarded as defining the top of the chip. Thus, 
in specifying directions, the direction pointing out of front 
face 822, and away from the chip, i.e., the direction 
pointing out of the plane of the drawing towards the 
viewer in Fig. 11, is the upwardly direction. The down- 
ward direction is the opposite direction. As used in the 
present disclosure with respect to a semiconductor chip 
assembly, such temns should be understood as based 
on this convention, and should not be understood as Im- 
plying any particular directions with respect to the ordi- 
nary gravitational frame of reference. The chip 820 also 
has a plurality of peripheral contacts 830 arranged In 
rows 832. there being one such row adjacent each edge 
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828 of the chip. The rows 832 do not Intersect one an- 
other but instead temninate at appreciable distances 
from the corners of the chip so that the corners 834 are 
devoid of peripheral contacts 830. The central region 
824 of the chip front surface 822 is also devoid of con- s 
tacts. The contacts 830 In each row 832 are spaced at 
very close intervals, typically about 1 00 to about 250 mi- 
cronieters center to center. Th is centerto center spacing 
is adequate for wire bonding or tape automated bond- 
ing. This chip configuration is typical of high I/O count io 
chips originally intended for use with wire bonding or 
tape automated bonding systems. 
{0081] In an assembly method according to one em- 
bodiment of the invention, a sheet-lll<e dielectric inter- 
poser 836 is assembled to chip 820. Interposer 836 in- is 
eludes a flexible top layer 838 (Fig. 1 3) fonned by a thin 
sheet of material having a relatively high elastic modulus 
and a compliant bottom layer 840 f omned from a material 
having a relatively low elastic modulus. The high-mod- 
ulus material of top layer 838 may be a polymer such as ^ 
a potyimide or other thermoset polymer, a fluoropolymer 
or a themioplastic polymer. The compliant, low-modulus 
material of bottom layer 840 may be an elastomer. De- 
sirably, the low-modulus material has elastic properties 
(including modulus of elasticity) comparable to those of 25 
soft rubber, about 20 to 70 Shore A durometer hardness. 
Interposer 836 has a first or bottom surface 842 defined 
by bottom layer 840 and a second or top surface 844 
defined by top layer 838. Bottom, compliant layer 840 
includes holes or voids 841 interspersed with masses 30 
843 of the low-modulus material. 
[0082] Interposer 836 has edges 846 bounding sur- 
faces 842 and 844 and extending therebetween. The 
interposer also has a plurality of central tenninals 848 
distributed over the second or top surface 844. Termi- 3s 
nals 848 are disposed at substantially even spaces on 
surface 844 so that terminals 848 constitute a "area ar- 
ray". The dimensions of interposer 836 in the plane of 
top surface 844 are smaller than the corresponding di- 
mensions of chip 820 in the plane of front surface 822. 40 
The number of central temiinals 848 may be approxi- 
mately equal to the number of peripheral contacts 830 
on the semiconductor chip Nonetheless, the center-to- 
center linear distance between adjacent ones of central 
terminals 848 Is substantially greater than the centerto- 4s 
center distance between adjacent peripheral contacts 
830 on the chip, because the central contacts 848 are 
substantially evenly distributed rather than concentrat- 
ed in only a few rows. Each central terminal 848 Is 
aligned with one of the masses 843 of low-modulus ma- so 
terial in compliant layer 840, whereas the holes 841 in 
the complaint tayer are out of alignment with the central 
tenninals 848. In a variation of this embodiment, the 
holes may be aligned with tenninals 848. In a further 
variation, the holes may be continuous with one another ss 
whereas the masses of low-modulus material may be 
separate posts or pillars entirely surrounded by such 
continuous holes. 



[0083] As best seen in Fig. 13, each central tenninal 
848 is connected with a partial lead 50 and a bonding 
terminal 852 which are fonned integrally with the central 
terminal. Central tenninals 848, partial leads 50 and 
bonding terminals 852 may be fomied from substantially 
any electrically conductive material, but preferably are 
formed from metallic material such as copper and cop- 
per alloys, noble metals and noble metal alloys. These 
components typically are fabricated on the top or sec- 
ond surface 844 of Interposer 836 by conventional pho- 
tolithographic end etching or deposition techniques. 
Bonding terminals 852 are an-anged in rows 54 adjacent 
the edges 846 of the interposer. As best seen in Fig. 1 2, 
there are four such rows 54 of bonding tenninals, one 
adjacent each edge of the interposer. 
[0084] In the assembly method according to this em- 
bodiment of the invention, the interposer 836 with the 
preformed terminals 848, partial leads 50 and bonding 
terminals 852 thereon Is positioned on chip 820 so that 
the first surface 842 of the interposer faces the front su r- 
face 822 of the chip, and so that the edges 846 of the 
interposer are disposed inwardly of the rows 832 of pe- 
ripheral contacts 830 on the chip. Bonding tenninals 852 
are electrically connected to contacts 830 on the chip 
by a conventional wire bonding operation. The arrange- 
ment of the bonding terminals 852 in rows parallel to 
and adjacent to the rows of peripheral contacts 830 on 
the chip substantially facilitates the wire bonding proc- 
ess. The fine, flexible bonding wires 856 applied in the 
wire bonding operation merge with the bonding termi- 
nals 852 and partial leads 50 on the interposer to fomri 
composite leads extending from the peripheral contacts 
of the chip to the central tenninals on the interposer. As 
best appreciated with reference to Fig. 13, each such 
composite lead extends inwardly from one peripheral 
contact 830 to an associated central tenninal 848 In the 
central way. Each such composite lead extends across 
the edge 846 of the interposer. 
[0085] In the next stage of the process, a low elastic 
modulus dielectric encapsulant or solder masking ma- 
terial such as a silicone rubber or other castable elas- 
tomer 858 (Fig. 14) is applied over the interposer and 
chip and over bonding wires 856. The encapsulant is 
applied so as to leave holes 860 in alignment with each 
of the central terminals 848 on the interposer. This may 
be accomplished as discussed above with reference to 
the assembly of Fig. 9. At this stage, the assembly is 
relatively rugged and can be handled readily. Thus, the 
wires 856 are fully protected by the encapsulant. 
[0086] Either before or after the encapsulant 858 Is 
applied, the chip and all of the connections made within 
the assembly can be tested by making temporary elec- 
trical connections to the central terminals 848. Because 
the central tenninals 848 are at substantial center-to- 
center distances, they may be readily contacted with 
probes such as the plural probe set 862 schematk^ally 
illustrated In Fig. 14. Moreover, because the bottom lay- 
er 840 of the interposer is compliant, each central ter- 
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minal 848 is displaceabie towards and away from the 
front surface 822 of the chip 820. Thus, the bottom layer 
can be compressed by the tips 864 of the probe set 862. 
This greatly facilitates making good electrical contact 
between a plurality of probes and a plurality of central 
terminals at once, and hence greatly facilitates electrical 
testing of the chip and the other components of the as- 
sembly. The configuration of compliant layer 840 con- 
tributes to this action. Each mass 843 of low-modulus 
material provides backing and support for the aligned 
terminal 848. As the tips 864 of the test probe set 862 
engage the temninals, each mass 843 is compressed in 
the vertical direction and therefore tends to bulge in hor- 
izontal directions, parallel to the plane of the chip. Holes 
841 provide space for such bulging. Each terminal 848 
can move downwardly toward the chip substantially In- 
dependently of the other temfiinals. Compliant layer 840 
need only provide for sufficient downward movement of 
terminals 848 to accommodate tolerances in the com- 
ponents and test equipment by accomodating differenc- 
es in vertical position between adjacent temninals and/ 
or test probes. Typically, about 0,125 mm or less com- 
pliance Is sufficient. For example, complaint layer 840 
may be about 0.2 mm thick. 

[0087] Although test probe set 862 is schematically 
illustrated as including only a few tips 864, the test probe 
set In fact may include a full complement of tips 864, 
equal in number to the number of temninals 848, so that 
all of terminals 848 can be engaged simultaneously. The 
tips of probe set 862 may be rigidly mounted to a com- 
mon support 865. Therefore, the test probe set may be 
rugged, reliable and durable. The particular shape of 
tips 864 is not critical. However, tips 864 may desirably 
be formed as small metallic spheres solder-bonded to 
support 865. Support 865 In turn may be a ceramic body 
with appropriate internal leads, similar to a conventional 
semiconductor substrate. Because the test probe set 
may make simultaneous connections with all temiinals 
in the subassembly, and because the test probe set may 
have dimensions and configuration similar to a real sub- 
strate, the temporary electrical connection made using 
the test probe can provide a realistic test of the chip and 
interposer subassembly. In particular, the test probe set 
need not involve long leads which may Introduce un- 
wanted inductance and/or capltance. Accordingly, the 
test probe set can be employed to test and operate the 
chip at full speed. Because the test probe set may be a 
simple, economical devk^e, many such probe sets can 
be provided in a manufacturing plant, so that each chip 
can be tested for a prolonged period. 
[0088] In the next- stage of the assembly operation 
aftertesting, the chip and interposer subassembly is jux- 
taposed with a substrate having electrical contact pads 
thereon. The assembly is placed on the substrate so that 
the central terminals 648 face toward the electrical con- 
tact pads on the substrate, and so that each central ter- 
minal 848 is aligned with one contact pad. Masses of an 
electrically conductive bonding material such as a sol- 



der or an electrically conducted adhesive may be dis- 
posed between the central temninals and the contact 
pads of the substrate. These masses may then be 
caused to flow and to bond with the central terminals 

5 848 and the contact pads thereby forming mechanical 
and electrical connections between the central temni- 
nals and the contact pads. This stage of the process 
may utilize essentially the same techniques as are em- 
ployed in surface mount technology for assembly of 

10 components on printed circuit boards. Because the cen- 
tral temiinals 848 are disposed at substantial center-to- 
center distances, the standard surface mount tech- 
niques can be used without difficulty. For example, a 
high I/O count can be achieved with 1 0-25 mil (250-625 

IS micrometer) center-to-center distances. In an alternate 
embodiment, each contact pad on the substrate may be 
a mkiromlniature separable connector such as a socket, 
and a mating separable connector may be provided on 
each tenninal. For example, each tenninal 848 may in- 

20 corporate a miniature pin adapted to engage such a 
socket. In this case, the pins would serve as the means 
for connecting temiinals 848 to the contact pads of the 
substrate. The encapsulent or solder mask layer can be 
provided with metal rings sun-ounding each hole 860 

25 and hence surrounding each terminal 848. Each such 
ring defines a preselected area which can be wetted by 
solder and thus confines the solder of each joint to a 
preselected area. Also, small studs, balls, or pins may 
be positioned in the holes of the solder mask layer in 

30 electrical contact with the temninals 848, and these 
studs may be soldered to a substrate. 
[0089] Inasmuch as each peripheral contact 830 on 
the chip Is connected to one of the central terminals 848 
on the interposer, and each such central tenninal Iscon- 

35 nected to one of the contact pads on th e substrate, each 
peripheral contact 830 is connected to one of the contact 
pads of the substrate. The substrate contact pad of 
course may be connected to other elements of an elec- 
trical circuit through conventional connections (not 

40 shown) incorporated in the substrate. For example, sub- 
strate may be a circuit board, circuit panel or hybrid cir- 
cuit substrate incorporating various electron k; elements 
in addition to chip 820. 

[0090] The interconnections between the chip and the 
*s substrate (between peripheral contacts 830 and contact 
pads) are accommodated within the area of the chip it- 
self. I.e., within the area on the substrate occupied by 
chip 820. Thus, no space on the surface of the substrate 
is wasted by a conventional "fan-out" pattern of inter- 
so connections. Moreover, the assembly is substantially re- 
sistant to thermal cycling. Each of the composite leads 
connecting one of the chip peripheral contacts and one 
of the central temninals 848 on the Interposer Is flexible. 
Thus, the partial leads 50 (Fig. 1 3) on the Interposer sur- 
S5 face Itself preferably are flexible, and the fine bonding 
wires 856 are also flexible. The Interposer itself, and par- 
tlculariy the top layer 838 and bottom compliant layer 
840 may be flexible. Accordingly, there can be substan- 
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tlal movement of temninals 848 on the interposer relative 
to contacts 830 on the chip in directions parallel to the 
chip front surface. Such movement can be accommo- 
dated without applying substantial forces to the junc- 
tions between the leads and the chip contacts. During 
use of the assembly, differential thennal expansion of 
chip 820 and substrate may cause appreciable dis- 
placement of the contact pads on the substrate relative 
to peripheral contacts 830 on the chip. Inasmuch as the 
central temnlnals 848 of the Interposer are bonded to the 
contact pads of the substrate by relatively stiff noncom- 
pliant conductive masses, the central terminals will tend 
to move with the contact pads. However, such move- 
ment is readily accommodated and does not result in 
substantial stresses at the bonds between the central 
temiinals and contact pads. 

[0091] The assembly shown in Fig. 15 has an inter- 
poser 836' similar to the interposer discussed above 
with reference to Figs. 11-14. However, the prefabricat- 
ed leads 850' associated with terminals 848' have outer 
or contact portions 854' projecting outwardly beyond the 
edge 846' of the interposer. As prefabricated leads 850' 
are disposed on top layer 838' of the interposer, the pre- 
fabricated leads cross the edge 846' of the Interposer at 
an appreciable height above the first or bottom surface 
842' of the interposer. The projecting outer portions 854' 
are cun/ed downwardly, toward the first surface 842' of 
the interposer. This curvature desirably is provided dur- 
ing fabrication of the interposer and leads, before the 
Interposer is assembled to the chip. In the assembly op- 
eration, the interposer 836', with the leads 850' and ter- 
minals 848' already mounted thereon is placed onto chip 
820' so that the outer portions 854' are in alignment with 
contacts 830' of the chip. The curvature of the leads 
places the outer or contact portions 854' in close prox- 
imity to chip contacts 830' A tool 855 is then applied to 
the outer portions 854' so as to force the outer portions 
thus forcing leads 854' into engagement with the chip 
contacts 830' so as to bond the outer portions 854 of 
leads 850' directly to the chip contacts. Typically, pres- 
sure is applied through tool 855 along with heat and/or 
ultrasonic energy. This stage of the process may employ 
conventional themnolcompression or ultrasonic bonding 
techniques commonly used to bond inner leads In a tape 
automated bonding or TAB" operation. This bonding 
establishes a connection between each chip contact 
850' and one of the temninals 848' on the interposer, 
without the need for any intermediate wire bonding op- 
eration. Once the contacts and temninals are connected 
in this manner, the resulting subassembly can be en- 
capsulated and bonded to a substrate in substantially 
the same fashion as discussed above. As leads 850' are 
flexible, temninals 848' are ntovable with respect to con- 
tacts 830' to compensate for themial expansion. 
[0092] The terminals 848' and leads 850' used in this 
structure can be fabricated by photollthigraphic tech- 
niques. For exaniple, the interposer may initially be fab- 
ricated with a solid sheet of copper or other metal cov- 



ering the second surface 844' and extending beyond 
edges 846' . These portions of the metal sheet extending 
beyond the edges of the interposer may be embossed 
to impact a downward curvature. The surface of the me- 

5 taliic layer facing upwardly away from the interposer 
(facing toward the top of the drawing in Fig. 1 5) may be 
covered with a conventional photoresist pattern such 
that the photoresist covers the areas corresponding to 
the temiinals 848' and leads 850'. The opposite surface 

10 of the sheet may be covered with a further photo resist 
in the areas extending beyond the edges 846' of the in- 
terposer. The sheet may then be exposed to an etching 
solution so as to remove those areas not covered by the 
photo resist on the top surface, i.e., to remove all areas 

IS of the metal sheet other than the temninals 848' and 
leads 850*. The photo resist may be removed, leaving 
interposer with the terminals and leads thereon. The 
curvature imparted to the metal sheet by embossing 
provides the desired downward curvature in the outer 

20 portions 854' of the leads. Altemativety, the leads may 
be bent after etching, using a fonning die. In yet another 
lead-forming method, the dielectric interposer, or one of 
the generally planar dielectric layers constituting the in- 
terposer may be provided with features projecting out of 

2s the plane of the layers, such as bumps or elongated ridg- 
es. The leads may be f omned by depositing metal or oth- 
er conductive material so that it fomns leads extending 
over the projecting features and then removing those 
portions of the dielectric layer or interposer constituting 

30 the projecting features, as by selectively etching the di- 
electric layer, leaving behind leads which are curved out 
of the plane. The step of depositing the conductive ma- 
terial to iorm the leads may be performed by selectively 
depositing the conductive material using conventional 

35 techniques, or by depositing conductive material and 
selectively etching or othenivise removing conductive 
material before etching the dielectric layer. 
[0093] An alternate, generally similar arrangement, 
includes an interposer incorporates a flexible top layer 

40 similar to the top layer 838 of the interposer discussed 
above with reference to Figs. 11-14. Terminals and 
leads are positioned on the first or bottom surface of this 
layer, so that the terminals face towards the chip when 
the layer is in position on the chip. The interposer may 

45 also include a separate compliant undertayer disposed 
between the top layer and the chip front surface, and 
also disposed beneath temninals i.e., between the ter- 
minals and the chip. The compliant layer may be posi- 
tioned on the chip surface, before the top layer, and ter- 
se minals are positioned on the compliant layer. In this 
case, the compliant layer may incorporate adhesives at 
its top and bottom surfaces so as to bind the top layer 
to the chip. Because the compliant layer is soft, the top 
layer will remain flexible even when bound to the chip 

S5 through the compliant layer, and the tenmlnals will still 
be movable with respect to the contacts in directional 
parallel to the face of the chip. Alternatively, the compli- 
ant layer may be fomied from a partially cured elastomer 
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such as a so-called "B-stage" silicone elastomer. After 
assembly of the top layer, this partially cured material 
may be more fully cured, as by heating it, which causes 
the elastomer to bond with the top layer and with the 
chip surface. In this an^angement, the temiinals are dis- 
posed beneath the top layer. To provide access to the 
terminals from the second or top surface of the Interpos- 
er, the interposertop layer is punctured as applying ra- 
diant energy from a radiant energy source such as a la- 
ser in registration with the temiinals to thereby fomri 
holes in alignment with the terminals. Once the holes 
have been fonned, the resulting subassembly can be 
bonded to a substrate in the same manner as discussed 
above. These holes may be fornied before the interpos- 
er is connected to the chip, and indeed may be formed 
before the temiinals are positioned on the interposer. in 
a further alternative an^ngement, the temiinals and 
leads can be provided on the compliant layer Iteelf . 
[0094] The assembly illustrated in Fig. 1 6 is similar to 
the assembly of Fig. 1 5. However, the outboard portions 
8354 of leads 8350 have outward extensions projecting 
outwardly beyond chip peripheral contacts 8330. These 
outward extensions are secured to a securement ele- 
ment 8381. Although only one securement element 
8361 is visible in Fig. 16, it should be clearly appreciated 
that a similar securement element 8361 is provided at 
each edge of interposer 8336 as seen in Rg. 17. Each 
securement element serves to reinforce and support the 
outboard portions of the leads, and to prevent undesired 
bending of the leads in directions parallel to the surfaces 
of the interposer and chip during assembly. The central 
terminals 8348 and peripheral contact leads 8350 asso- 
ciated with interposer 8336 are disposed on the first or 
chip-facing surface 8342 of the interposer Xop layer 
8338. As best seen in Fig. 1 7, the securement elements 
8361 are connected to interposer 8336 by bridge ele- 
ments 8363. The bridge elements are disposed at 
spaced-apart locations around the periphery of the in- 
terposer Preferably, the interposer, securement ele- 
ments and bridge elements are fomned as an integral 
unit. All of these components may be portions of a uni- 
tary sheet of dielectric material. Thus, the interposer 
8336, bridge elements 8363 and securement elements 
8361 may all be fonned as part of an elongated tape 
8381 , (Fig. 1 7) which may Include several interposers 
8336, each with its associated securement elements 
and bridge elements. The tape may also include waste 
or trim areas 8383. During the various assembly and 
handling operations, the interposers and chips may be 
advanced through the process by advancing the tape. 
[0095] Bridge elements 8363 are disposed at the cor- 
ners of the interposer The chip 8320 used in this as- 
sembly includes four rows 8332 of peripheral contacts 
8330, the rows fomning a generally rectangular pattern. 
However, the rows of peripheral contacts stop short of 
the corners of this rectangular pattern, so that the corner 
regions of the pattern are substantially devoid of con- 
tacts 8330. Bridge elements 8363 overiie these comer 



regions, and hence do not cover any of the contacts 

8330. 

[0096] Each securement element 8361 includes a top 
layer 8301 (Fig. 16). Each securement element has an 

5 inboard edge 8365 extending generally parallel to an 
edge 8346 of interposer so that these parallel edges de- 
fine an elongated slot 8367 between the securennent el- 
ement and the interposer. Slots 8367 are aligned with 
the rows 8332 of chip peripheral contacte 8330. The pe- 

10 ripheral contact leads 8350 extend across slots 8367, 
the outward extensions 8354 of these leads being at- 
tached to the securement elements 8361 , so that each 
peripheral contact lead 8350 is supported both by the 
interposer and by the securement element. 

19 [0097] Each securement element 8361 has a single 
row of outside terminals 8372 extending generally par- 
allel to the adjacent slot 8367. Outside tenninals 8372 
are disposed on the first or chip-facing surface 8369 of 
the top layer 8301 of each securement element 8361 . 

^ Outside temiinal leads 8374 (Fig. 16) extend inwardly 
from outside terminals 8372 across slots 8367. Each 
such outside tenninal lead has an inboard end 8376 se- 
cured to the interposer 8336. Thus, both the outside ter- 
minal leads 8372 and peripheral contact leads 8350 ex- 

2s tend across slot 8367. These leads are interspersed 
with one another along the length of each slot 8367. 
[0098] Holes 8360 are provided in the interposer and 
in each securement element top layer in alignment with 
the central temiinals 8348 and outside temninals 8372 

30 so that the central temiinals and outside terminals are 
accessible from the second surfaces of the interposer 
and securement elements, i.e., from the surface facing 
away from the chip. 

[0099] Interposer 8336 includes a compliant bottom 

35 layer 8340, and each securement element 8361 may in- 
clude a compliant bottom layer 8303 (Fig. 16). AM of 
these compliant layers may be similar to the compliant 
layers discussed above, and may include holes (not 
shown) to Increase their compliance. The compliant lay- 

40 ers of the interposer and securement elements may be 
fonned and assembled separately from these compo- 
nents, or may be incorporated in tape 8381. 
[0100] The leads and temiinals may be fomned in 
place on the interposer and on the securement elements 

45 by an etching process similar to those described above. 
A copper or other metallic sheet may be laminated to 
the dielectric sheet which will ultimately form the Inter- 
poser top layer 8338 and the securement element top 
layers 8301 , and then covered with a photoresist pattern 

50 and etched to fomri the various temninals and leads. 
Holes 8360 and slots 8367 may be fornied after the ter- 
minals and leads, by selectively applying radiant energy 
such as laser radiation to the sheet to selectively remove 
portions of the sheet. Alternatively, the slots and holes 

55 may be fonned before the leads and terminals, as by 
etching or mechanically punching the dielectric sheet. 
The leads and terminals may then be formed by apply- 
ing and selecth^ely etching a metallic layer.ln this case. 
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the holes and slots in the dielectric sheet should be tem- 
porarily filled with a resist to prevent unwanted etching 
of the leads and terminals by etchant entering through 
the holes and slots. Peripheral contact leads 8350 and 
outside terminal leads 8374 are bent downwardly, to- 
ward the bottom of the Interposer, within slots 8367. The 
downward curvature of these leads may be formed by 
embossing the sheet used to fabricate these leads. 
Thus, although each lead 8350 and 8374 extends into 
a slot 8367 from above the bottom layers 83083 and 340 
of the securement elements and interposer, each such 
lead extends to the bottom of the interposer. Before the 
interposer is assembled to the chip, a set of support el- 
ements 8307 is juxtaposed with chip 8320 so that one 
such support element lies alongside each edge 8309 of 
the chip. As best seen in Fig. 1 9, support elements 8307 
may be provided as a unitary rectangular ring or box 
8311 which may closely surround the edges of the chip. 
Each support element has a top surface 8313 (Fig. 16) 
arranged to lie substantially coplanar with the front or 
top surface 8322 of the chip. Thus, chip 8320 and sup- 
port elements 8307 may be disposed on a planar carrier 
8315, and the thickness of the support elements may 
be substantially equal to the thickness of the chip. 
[0101] In assembling the interposer to the chip, the 
Interposer with the various temiinals and leads thereon 
is positioned on the chip so that the slots, and hence the 
leads, are aligned with the peripheral contacts on the 
chip. Each securement element 8361 overlies one sup- 
port element 8307, and is at least partially supported by 
such element. A bonding tool is then advanced into each 
slot 8367 and engaged with the peripheral contact leads 
8350 and with the outside tenninal leads 8372, so as to 
force each such lead into engagement with one of the 
peripheral contacts 8330 on the chip. Heat,pressure and 
ultrasonic energy may be applied through the tool to pro- 
mote bonding. The an-angement of the leads within the 
slots greatly facilitates the bonding operation. Bonding 
tool 8355 may be advanced into one of the slots 8367 
and moved along the length of the slot so as to bond all 
of the leads to all of the peripheral contacts 8330 aligned 
with- that slot. This process may be repeated for each 
slot 8367. The tool may engage and bond many leads 
simultaneously. 

[0102] After the leads have been bonded to the con- 
tacts, a low modulus dielectric encapsulant (not shown) 
is applied. In an alternative assembly process, the com- 
pliant layers 8340 and 8303 may be formed by the en- 
capsulant. Thus, the encapsulant may be applied so as 
to penetrate between the interposer (not shown) and the 
chip to form compliant layer 8340 between the interpos- 
er and the chip. The encapsulant may also penetrate 
between securement elements 8361 and support ele- 
ments 8307 to form compliant layers 8303 and pene- 
trate into slots 8367 to cover leads 8374 and 8350. The 
encapsulant may be introduced under pressure in a liq- 
uid or flowabie state and then cured. The interposer, 
chip and associated elements may be disposed in a 



mold during this process, and the mold may clamp the 
waste areas 8383 of the sheet or tape (Fig. 1 7) so as to 
limit the flow of the encapsulant. The encapsulant may 
be injected under pressure using standard injection 

5 molding technique. After encapsulation, the assembly 
Illustrated in Figs. 1 6 and 1 7 may be separated from the 
tape and mounted to a substrate in substantially the 
same way as the assemblies discussed above. Thus, 
both the outside terminals 8372 and the central terml- 

10 nals 8348 may be bonded to contact pads on the sub- 
strate. 

[0103] The assembly illustrated in Figs. 16 and 17 
provides good reinforcement of the leads during manu- 
facture. Also, the outside terminals provide increased 

IS connection capacity. Although the securement ele- 
ments and outside terminals extend outwardly beyond 
the peripheral contacts on the chip, this outward exten- 
sion or "fan-but" is minimal. Preferably, the assembly 
with securement elements and outside tenninals occu- 

20 pies an area in the plane parallel to the chip surface no 
more than about 1 .5 times, and desirably no more than 
about 1 .2 times, the area occupied by the chip itself. 
[0104] As shown in Fig. 18, an interposer 8436 ac- 
cording to a further embodiment of the invention is pro- 

25 vided with securement elements 8461 , slots 8467 and 
outside terminals 8472 similar to the corresponding 
components discussed above with reference to Figs. 1 6 
and 1 7. Outside terminals 8472 are disposed on the sec- 
ond surface of each securement element, i.e., on the 

30 surface directed away from the semiconductor chip 
8420. Interposer 8436 also has central terminals 8448 
on the second surface of the interposer. Each central 
terminal 8448 is connected to a partial lead 8450 and 
bonding terminal 8452. Likewise, each outside terminal 

35 8472 is connected to a similar partial lead 8475 and 
bonding terminal 8477. There are rows of bonding ter- 
minals 8452 and 8477 on both sides of each slot 8467. 
The bonding terminals are connected to the peripheral 
contacts 8430 on chip 8420 by a wire-bonding operation 

40 similar to that discussed above with reference to Fig. 1 3 . 
Here again, disposition of the bonding terminals in rows 
facilitates the wire-bonding operation. 
[0105] Chip 8420 also has central contacts 8431 dis- 
posed in the central region of the chip front surface. In- 

45 terposer 8436 has a hole 8480 encompassing these 
central contacts. Some of the bonding terminals 8452 
associated with certain central terminals 8448 are dis- 
posed adjacent the edges of hole 8480. These bonding 
terminals are connected by wire bonds to the central 

50 contacts 8431 of the chip, so that the central contacts 
as well as the peripheral contacts 8430 will be connect- 
ed to the substrate through the central tenninals 8448 
of the interposer. 

p)106] Assemblies according to the invention may in- 
55 etude additional elements for mechanical and electrical 
protection. Thus, a thin electrically conductive ground- 
ing layer such as a metallic layer may be incorporated 
in the interposer to electrically isolate the terminals from 
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the chip, and to provide better control of impedances in 
leads extending along the interposer. Such a conductive 
layer must be separated from the lemninals by a dielec- 
tric layer. The interposer itself may include multiple lay- 
ers of terminals and leads separated from one another s 
by Intermediate dielectric layers. Such an arrangement 
allows the leads on the Interposer to cross over one an- 
other without contacting one another, and allows for 
more leads and/or wider leads in a given area. The top- 
most layers of such a multilayer interposer may have 
holes aligned with the terminals of the lower layers, to 
provide access to these lower-layer tenninals and per- 
mit connection to a substrate. 

[0107] The components illustrated in Fig. 20 are sim- 
ilar to those depicted in Figs. 1 6 and 1 7. Thus, the struc- 
ture includes an Interposer 8736 and securement ele- 
ments 8761 defining slots 8767 therebetween, only one 
such securement element and slot being visible in Rg. 
20. The outside temiinal leads and peripheral leads in- 
clude portions 8754 extending across the slots. Each 
such lead portion extends into the slot from above the 
compliant layer 8703 of the associated securement el- 
ement and above the compliant layer 8740 of the inter- 
poser. In the condition illustrated in Fig. 1 6, before bond- 
ing of lead portions 8754 to temiinals 8730 of the chip, 
these lead portions are substantially planar. That is, they 
extend substantially in a plane parallel to the plane of 
Interposer 8736 and hence parallel to the plane of chip 
front surface 8722 when the interposer overlies the chip. 
Each such lead is curved in this horizontal plane, in the 
direction of elongation of the slot. Thus, each such lead 
includes end portions 8780 and 8782 at the edges of the 
slot, adjacent securement element 8761 and interposer 
8736 respectively. Each lead portion 8754 further in- 
cludes a middle portion 8784 adjacent the center of the 
slot and overiying one of the peripheral contacts 8730 
on chip 8720. Each such middle portion 8784 is offset 
from the imaginary axis connecting ends 8780 and 
8782. As shown in Fig. 20, the offset is In the direction 
of elongation of slot 8767. During the assembly process, 
a tool 8786 is advanced into slot 8767 to bond lead por- 
tion 8754 to chip peripheral contact 8730. The tool en- 
gages the middle portion 8784 of each lead portion, and 
forces the middle portion downwardly into engagement 
with chip contact 8730. Because the middle portion Is 
offset from the axis connecting ends 8780 and 8782, this 
downward motion of the middle portion can be accom- 
modated by a controlled twisting motion of the ends. The 
middle portion 8784 may also bend downwardly to some 
degree. This structure provides a controlled downward 
motion of middle portion 8784. As each lead portion 
8754 is retained at ends 8780 and 8782 during this op- 
eration, the portions will remain in the desired positions 
and hence will be properly aligned with chip contact 
8730. As ail of the middle portions 8784 are offset In the 
same direction, the offsets in the lead portions do not 
appreciably Increase the required spacings between 
lead portions 8754 along the length of slot 8767. More- 



over, these offsets, lying in the plane of the interposer, 
can be fonmed without any separate embossing or bend- 
ing operation, in the same etching operation used to 
form the leads. The bonding tool may engage and bond 
the middle portions of several leads simultaneously. 
[0108] As Illustrated in Figs. 21 and 22, a connection 
component 930 for use In providing terminals on the rear 
or bottom surface of a chip Includes a generally cruci- 
form, unitary sheet comprising a generally rectangular 
backing element 932 and flaps 934 projecting from the 
edges of the backing element. The sheet has a layered 
structure including a conductive layer 936, an insulating 
layer 938 and a further insulating layer 940 on the op- 
posite side of conductive layer 936. Layer 938 defines 
a first surface 942 of the connection component, where- 
as layer 940 defines a second surface 944. A set of ter- 
minals 946 are disposed on the first surface 942 of the 
connection component in a central region of the backing 
element 932. These terminals may be disposed in a rec- 
tilinear, grid-like array. Although only a few tenninals are 
shown in Fig. 21 for clarity of illustration, several hun- 
dred tenninals may be provided on a typical component. 
[0109] Leads 948 are also fomned on the first surface 
942 of connection component 930, each such lead be- 
ing fomned integrally with one tenninal 946 and electri- 
cally connected thereto. Leads 948 extend outwardly, 
away from backing element 932 on flaps 934, and 
project to the extremities of the flaps. Thus, each such 
lead 948 includes a flap portion extending along the as- 
sociated flap, and a central portion extending from the 
inner margin of the flap to the associated temnina! 946. 
The thickness of the various layers constituting connec- 
tion component 930 is greatly exaggerated in Fig. 22 for 
clarity of illustration. In practice, each of these layers has 
the minimum thickness required to meet electrical re- 
quirements. Desirably, insulating layers 938 and 940 
have the minimum thickness required to provide free- 
dom from pinholes and breaks in the insulation, whereas 
conductive layer 936 and leads 948 have the minimum 
thickness required for electrical continuity and to provide 
a relatively low resistance cun'ent path. Preferably, each 
of the insulating layers Is (ess than about 0.5 mm thick, 
and more preferably, less than about 0.25 mm thick, 
whereas conductive layer 936 preferably is less than 
about 0.1 mm thk;k and each of leads 948 preferably is 
less than about 0.1 mm thick. Connection component 
930 may be fonned from substantially ttie same mate- 
rials, and in substantially the same manner, as the tape 
used for tape automated bonding processes. Thus, in- 
sulating layers 938 and 940 may incorporate conven- 
tional polymeric dielectric materials such as polyimide, 
whereas layer 936, conductors 948 and tenninals 946 
may be formed from copper or other metals. The pattern 
of tenmlnals and conductors may be fonned by photo- 
chemical etching or deposltton techniques similar to 
those used in the manufacture of tape automated bond- 
ing tapes and flexible printed circuits. 
[0110] Component 930 may be used with a box-like 
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element 950 shown in Figs. 23 and 24. Box element 950 
includes tour support elements or walls 952 arranged to 
form a generally rectangular ring and a floor element 
954 extending across the Interior of this ring so that walls 
952 and floor element 954 cooperatively define a recti- s 
linear closed-bottom box having an interior space 956 
open at the top (the side visible in Fig. 23). The box has 
length 1 and width w slightly larger than the correspond- 
ing dimensions of chip 920, whereas Ihe depXh d of the 
box desirably is slightly greater than the thickness of io 
chip 920, i.e., slightly greater than the distance between 
surfaces 922 and 924 of the chip. Each support member 
or wall 952 has a projection 958 extending downwardly, 
beneath floor element 954, so that projections 958 and 
floor element 954 cooperatively define a further open is 
Interior space 960 on the bottom side of floor element 
954. The floor element has several holes or apertures 
962 extending through it, between spaces 956 and 980. 
Space 960 is shallower than space 956. Box element 
950 may be formed from substantially rigid materials ^ 
such as thennoplastics or themnosetting polymers, 
glass, ceramics glass-ceramic materials, polymer-ma- 
trix composites and metal-matrix composites, and met- 
als, metals and polymers being preferred. 
[0111] In a fabrication process according to one as- 25 
pect of the invention, a resilient, compliant layer 964 
(Fig. 25) fomned from a relatively low elastic modulus 
material is provided in the lower or downwardly facing 
space 960 of box element 950. Preferably, this low-mod- 
ulus material has elastic properties (including modulus 30 
of elasticity) comparable to those of soft rubber, about 
20 to about 70 Shore A durometer. Compliant layer 964 
has holes 966 interspersed with masses 968 of the low 
modulus material. Layer 964 may be formed from a 
sheet of solid elastomer by punching or perforating to 3S 
form holes 966, and then inserted into the lower space 
960 of box element 950 and fastened in place by adhe- 
sive material 970 extending through holes 962 In the 
floor element 954 of box element 950. A portion of this 
adhesive material may partially or fully coat the top sur- <o 
face of floor element 954 so as to provide some degree 
of surface adhesion or tack on the top surface of the 
floor element. Alternatively, compliant layer 964 may be 
fonmed by molding in place within the lower space of the 
box element. Thus, the elastomeric material may be in- 4s 
troduced in a fluid condition and chemically or heat 
cured to a resilient state. Wiere the compliant layer 964 
is formed in this fashion, some portion of the elastomeric 
material may protrude through holes 962 in much the 
same way as adhesive material 970. This serves to fas- 50 
ten the compliant layer to the undersurface of the floor 
element. The compliant layer may also be applied by 
silk-screening. In yet another alternative procedure, the 
compliant layer can simply be placed within the lower 
space of the box element without fastening it to the box ss 
element. 

[0112] In the next stage of the assembly process, con- 
nection component 930 is juxtaposed with box element 



950 so that the second surface 44 of the connection 
component confronts the exposed or bottom surface of 
compliant layer 964, and so that the backing element 
932, is aligned with floor element 954 and compliant lay- 
er 964. At this stage of the process, each flap 934 of 
connection component 930 projects outwardly beyond 
walls 952 and extends across the lower extremity of one 
projection 958. Thus, the central region of the backing 
element bearing temnlnals 946 is aligned with compliant 
layer 964, the terminals facing downwardly, away from 
the compliant layer and floor element 954. The arrange- 
ment of masses 968 In compliant layer 964 is selected 
to match the arrangement of terminals 946. As best il- 
lustrated in Fig. 26 (showing a later stage of the process) 
each temninal 946 is aligned with a mass 968 of the low 
modulus material whereas the holes 986 in layer 964 
are aligned with spaces between tenninals 946. 
[0113] In the next stage of the manufacturing process, 
flaps 934 are bent upwardly alongside the walls or sup- 
port elements 952 of box element 950. Thus, each flap 
934 and the flap portions 48 of the conductors on such 
flap extends upwardly alongside the associated wall 
952. The extremity of each flap is bent inwardly over the 
uppermost margin of the associated wall 952. Thus, as 
seen in Fig. 25, the extremity of flap 934a is bent inward- 
ly at the upper extremity of wall 9528. Likewise, flap 
934b extends upwardly along side wall 952b as illustrat- 
ed in Fig. 26 and is bent inwardly over the upper most 
extremity of wall 952b. Thus, the extremities of conduc- 
tors 948 adjacent the edges of the flaps are disposed 
along the top edges of walls 952, remote from floor el- 
ement 954 around the top opening of space 956. Con- 
ductors 948 extend downwardly alongside the walls of 
the box element to terminals 946, which are disposed 
beneath the box element. As connecting element 930 
and hence flaps 934 are flexible, the bending operation 
can be performed readily. The extremities of the flaps 
overlying the top edges of walls 950 are bonded to the 
tops of the walls. 

[01 14] A layer of a preferably flexible dielectric mate- 
rial is applied as a solder mask layer 972 covering the 
downwardly facing first surface of backing element 932. 
Solder mask layer 972 is provided with apertures 974 
aligned with tenninals 946 of the backing element. This 
sokJer mask layer may be fomied by molding or by se- 
lective curing of an elastomeric material. For example, 
the material may be applied in a flowable, uncured state 
and then cured by radiant energy. The radiant energy 
may be applied selectively so as to cure all portions of 
the layer except those portions overlying the tenninals 
946. Subsequent to this selective curing, the uncured 
portions may be removed. Alternatively, the solder mask 
may be applied as a solid layer and punctured to expose 
terminals 946. As discussed further herelnbelow, solder 
mask layer 972 and may be omitted in certain cases. 
[0115] The assembly at this stage constitutes a recep- 
tacle adapted to receive a semrconductor chip. These 
receptacles can be prefabricated in mass production 
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and distributed to semiconductor chip manufacturers 
and users. Alternatively, the receptacle can be fabricat- 
ed immediately before it is united with the semiconduc- 
tor chip. 

[01 1 6] The receptacle is united with a semiconductor 
chip 920 by first placing chip 920 (Fig. 26) Into the top 
or upper space 956 of box element 950, so that the front 
face 922 of the chip faces upwardfy, away from floor el- 
ement 954 and backing element 932. The chip 920 may 
be temporarily retained in position within the receptacle 
by the adhesive 970 on the top surface of floor element 
954. In this position, the edges 926 of the chip confront 
the support elements or walls 952 of the box element. 
Chip 920 is of substantially the same type as illustrated 
In Fig 11 . This, chip 920 has contacts 928 disposed on 
Its front surface 922, the contacts being arranged in 
rows adjacent the edges 926 of the chip. Flaps 934, and 
hence lead portions 948 on the flaps, extend upwardly 
alongside edges 926 of the chip, so that the leads on 
each such flap extend to the vicinity of one row of con- 
tacts 928 on the chip. Each row of contacts 928 is posi- 
tioned immediately adjacent to the extremities of leads 
948 on one of flaps 934. The front surface 922 of the 
chip, and hence contacts 928, are disposed at approx- 
imately the same height above floor element 954 as are 
the extremities of leads 948, although the extremities of 
the leads may be elevated slightly above surface 922. 
[0117] While the chip is in this position, the contacts 
928 are electrically connected to leads 948 by wire 
bonding the contacts to the adjacent extremities of the 
leads. In the wire bonding operation, fine wires 974 are 
connected between contacts 928 and lead portions 948, 
thereby electrically connecting each lead portion 948 to 
one contact 928 in the adjacent row of contacts. In ef- 
fect, wires 974 merge with lead portions 948 to fomn a 
composite lead extending from terminal 928, around 
one wall element 952 and downwardly alongside the 
edge 926 of the chip to one terminal 946 on the backing 
element 932. The process of wire bonding per se is well 
known in the electronics art and need not be described 
in detail herein. Briefly, this process utilizes a movable 
wire dispensing and bonding head. The head is brought 
into engagement with one of the elements to be con- 
nected and an end of a fine wire is bonded to such ele- 
ment. The head is then moved while paying out the wire 
until it reaches the other element to be connected, 
whereupon the wire is bonded to such other element 
and cut, leaving the wire in place. Wire bonding proc- 
esses typically are controlled by detecting the relative 
position and orientation of the components to be con- 
nected and then controlling the wiring bonding head ac- 
cordingly so as to bring the wires into contact with the 
desired elements. This allows the desired interconnec- 
trons to be made even where the relative positions of 
the components to beconnected differ from the nominal 
positions. Typically, the relative positions and orienta- 
tions of the components are detected by robot vision 
systems, such as television-based pattern recognition 



systems. These techniques desirably are used in the 
wire bonding step of the present method. Where such 
techniques are employed, it is not essential to provide 
great precision in the positioning of chip 920 or in the 
5 positioning of lead portions 948. This minimizes the 
need for close control of the bending operation dis- 
cussed above. 

[01181 After the bonding wires 974 have been at- 
tached, a pad 975 of a soft, thermally conductive mate- 

^0 rial, such as silicone with a thermally conductive filler, Is 
placed atop the front surface 922 of the chip. The pad 
covers the central portion of the chip front surface, re- 
mote from contacts 91 8 and wires 974. A layer of an 
encapsulant 976 is applied over the front face 922 of the 

<5 chip. The encapsulant, which desirably is a soft, dielec- 
material covers the bonding wires 974, the contacts 
928 and the extremities of the lead portions 948 dis- 
posed atop the walls 952. The encapsulant desirably al- 
so penetrates into and at least partially fills spaces be- 

20 tween the edges 926 of the chip and the confronting 
walls 952 of the box element. A cover 978 is then placed 
over the top of the assembly. Cover 978 may be a box- 
like metallic element, commonly referred to as a "chip 
can", or else may be molded in a place on the assembly 

25 from a polymeric material such as an epoxy. Cover 978 
may be united with the periphery of the solder mass lay- 
er 972 so as to seal the assembly against subsequent 
contamination. Encapsulant 976 contacts the front sur- 
face 922 of the chip and also contacts cover 978, thus 

30 providing a path for heat transmission from the chip to 
the cover. This facilitates heat transfer from the chip to 
the surroundings, outside the assembly, during opera- 
tion of the chip. Cover 978 also contacts layer 975, fur- 
ther facilitating heat transfer. 

35 [0119] The assembly desi rably Is tested bef o re being 
used as part of a larger assembly. The assembly desir- 
ably is tested in substantially the same way as dis- 
cussed above using an electrical testing fixture having 
numerous pins or probes connected to an appropriate 

40 test circuit and rigidly mounted to a common fixture or 
support. To provide a reliable test, the numerous pins or 
probes on the test fixture must be held in contact with 
the respective terminals 946 at the same time. In this 
arrangement as well terminals 946 can be independent- 

45 ly displaced towards chip 922. Such displacement per- 
mits continued movement of the test fixture and assem- 
bly towards one another, until all of the pins are engaged 
with their respective tenninals 946. Each terminal 946 
will be biased against the associated pin of the test fix- 
so ture by the resilience of compliant layer. This assures 
reliable contact and a reliable test. As discussed above, 
the configuration of compliant layer 964 contributes to 
this action. Each mass 968 of low modulus material pro- 
vides backing and support for the terniinal 946 aligned 

55 therewith. As the pins of the test fixture engage the ter- 
minals, each mass 968 is compressed In the vertical di- 
rection and therefore tends to bulge in horizontal direc- 
tions, parallel to the plane of the chip. Holes 966 pro- 
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vides space for such bulging. Compliant layer 964 need 
only provide for sufficient movement of terminals 946 to 
accommodate tolerances in the test equipment and In 
the assembly itself. Typically, about .0005 inch (0.125 
mm) or less compliance Is sufficient. For example, com- s 
pliant layer 964 may be about .008 inch (0.2 mm) thick. 
[0120] After testing, the assembly is mounted to a 
substrate 988 (Fig. 26) having electrical contact pads 
990, using techniques similar to those used for mounting 
the assemblies discussed above. For example, the as- io 
sembly may be placed on the substrate so that the ap- 
ertures 974 in solder mass layer 972 and terminals 946 
are aligned with the contact pads 990 of the substrate. 
Masses of an electrically conductive bonding material 
991 sucii as a solder or an electrically conductive adhe- '5 
sive may be disposed between the tenmlnals 946 and 
the contact pads 990 of the substrate. These masses 
may be caused to flow and to bond with the temninafs 
and contact pads, in the same manner as discussed 
above. 20 
[01 21 J Because terminals 946 are disposed at sub- 
stantial center to center distances, standard surface 
mount techniques can be used without difficulty. In this 
regard, it should be appreciated that temiinals 946 are 
distributed over an area approximately equal to the en- 25 
tire area of the chip bottom surface 924. By contrast, 
contacts 928 of the chip itself are concentrated in rows 
around the per^hery. Thus, the center to center distanc- 
es between the temilnals 946 may be substantially 
greater than the center to center distances between 30 
contacts 928. In typical applications, electrical connec- 
tions for a chip having a substantial number of input and 
output tenninals, commonly referred to as a "I/O counr 
can be achieved with 10-25 mil (250-625 micrometer) 
center to center distances. 35 
[0122] The composite leads Including lead portions 
948 and bond wire 974 provide reliable interconnections 
between contacts 928 and terminals 946. Because the 
electrically conductive layer 936 of connecting element 
- 930 extends upwardly, alongside the chip with lead por- 40 
tions 948, lead portions 948 have predictable, controlled 
impedance. This reliable electrical perfomiance is also 
enhanced by the predictable geometric configuration of 
lead portions 948. Each lead portion 948 has a prede- 
temriined width and is located in a predetemriined posi- ^ 
tlon relative to the adjacent lead portions. These relative 
positions and widths are fixed when the connecting el- 
ement 930 is made. Although the composite leads do 
include bonding wires 974, these bonding wires are so 
short that they do not introduce appreciable unpredict- so 
able capacitance or Inducence. 
[0123] The assembly thus provides a compact, rug- 
ged and economical chip mounting. The entire assem- 
bly occupies little more area (in the plane of the chip) 
than the chip itself. As the leads and flaps extend along- ss 
side the chip, in close proximity to the edges of the chip, 
they do not substantially increase the area occupied by 
the assembly. Also, because the assembly can be pre- 



tested before mounting to the substrate, high quality can 
be assured. The methods and structure discussed 
above can be varied In numerous ways. Also, solder 
mask layer 972 may be applied at any stage in the proc- 
ess. If desired, this layer could be formed as part of con- 
nection element 930 or applied after the remaining com- 
ponents of the assembly, as by molding in place so that 
solder mass layer 932 contacts cover 978. 
[0124] The configuration of box element 950 can be 
varied from that illustrated. The floor element 954 can 
be omitted entirely, or else the floor element may include 
only small tabs projecting inwardly from the walls 952 
so as to support the chip only at Its edges or corners. In 
either case compliant layer 964 will be in direct engage- 
ment with the bottom surface of the chip and with the 
backing element. Altematively, the holes 962 In the floor 
element 954 may be omitted. The downward projections 
958 of the walls 952 may be omitted, so that the walls 
terminate flush with the floor element or flush with the 
bottom surface of the chip if the floor element is omitted. 
The bottom edges of the walls may be provided with 
chamfers or radii to prevent damage to the connection 
component 930 when the flaps are bent upwardly. The 
box element may be provided with supports, such as 
legs at the corners of the box element, projecting down- 
wardly for engagement with the substrate. In this case, 
the box element will serve to support the chip above the 
substrate, thereby preventing crushing of the solder 
joints during manufacturing procedures or in use. This 
arrangement Is particularly useful where a heat sink Is 
forcibly held in engagement with the front surface of the 
chip. Also, the box element can be employed as part of 
a hermetic sealing arrangement around the chip. 
[01 25] The compliant layer 964 disposed adjacent the 
backing element can extend outwardly to the outer sur- 
faces of the walls or support elements 952, so that a 
portion of the compliant layer is interposed between the 
lower edge of each such wall or support element and 
the backing element. This arrangement is particularly 
useful when some of the terminals 946 are disposed on 
that portion of the backing element aligned with the bot- 
tom edges of the walls. 

[0126] Where the coefficient of thermal expansion of 
the box element differs substantially from the coefficient 
of themnal expansion of the chip, the bonding wires 974 
can flex to compensate for relative movement of the chip 
and the lead portions at the extremities of the flaps, over- 
lying the top edges of the walls. In those cases where 
the flap portions of leads 948 are bonded directly to the 
contacts on the chip as discussed below, those flap por- 
tions of the leads may be flexible to provide similar com- 
pensation. Where the coefficient of thermal expansion 
of the box element differs substantially from that of the 
substrate, the backing element preferably is not bonded 
to the bottom of the box element except through the 
compliant layer. This pennits the flaps to flex and the 
backing element to move relative to the box element and 
absorb differential thermal expansion. 
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[0127] The configuration of the heat transfer elements 
can be varied considerably. Thus, the themrially conduc- 
tive pad or layer 975 may include a metallic slab bonded 
to the front or top surface of the chip. Such a metallic 
heat sink may Include fins, plates or projections to fur- s 
ther facilitate heat transfer. A plurality of chips can be 
engaged with the same heat sink. Essentially any heat 
sink which can be used with conventional face-up chip 
assemblies can be employed. 

[0128] The backing element and flaps may include io 
more than one layer of leads, so as to accomodate par- 
ticularly complex interconnection requirements. Also, 
more than one flap may be provided at each edge of the 
backing element, and these multiple flaps may extend 
in superposed relation along the edge of the chip or 
along the wall of the box element. 
[0129] As Illustrated In Fig. 27, the box element may 
be omitted. Thus, the flaps 9134 of connecting element 
9130 may be folded upwardly, alongside the edges 91 26 
of chip 9120, without intervening wall members. Also, 20 
compliant layer 91 64 may be disposed directly between 
backing element 9132 and the bottom or rear surface 
9124 of the chip 9120, without any intervening floor el- 
ement. In the arrangement shown in Fig. 27, each flap 
91 34 not only extends upwardly along the side the edge 25 
9126 of the chip but also extends inwardly, over a mar- 
ginal portion of the chip front surface 9122 adjacent the 
edge 91 26. Each flap has a slot 91 37 overlying a row of 
contacts 91 28 on the chip. The extremities 91 49 of lead 
portions 91 48 extend across this slot and hence overlie 30 
the chip contacts 9128. In the assembly process, ex- 
tremities 9149 can be bonded directly to terminals 91 28 
by techniques similar to those discussed above with ref- 
erence to Figs. 16 and 20. To facilitate the bonding op- 
eration, extremities 9149 may be curved In directions 35 
parallel to the length of slot 9137 so as to permit them 
to deflect downwardly and engage contacts 9128 more 
readily under the influence of bonding tool 9151 . In the 
manufacturing process, the connecting element 9130 
and compliant layer 9164 are assembled to chip 9120, 40 
and the flaps 91 34 of the connecting element are folded 
directly upwardly, alongside the edges 91 26 of the ch Ip. 
The extremities of flaps are then folded inwardly over 
the front surface of the chip. The assembly illustrated in 
Fig. 27 may also be provided with a solder mask layer, 4s 
housing and encapsulant as discussed above. 
[0130] The an^angement of Fig. 28 is similar to that 
discussed above with reference to Fig. 27, In that the 
extremities of flaps 9234 are folded over the front sur- 
face 9222 of the chip, thereby positioning the extremities so 
9249 of lead portions 9248 over contacts 228 on the 
chip. Here, however, the connecting element includes 
vias 9251 extending through It from beneath each lead 
extremity 9249 to the second surface 9244 of the flap, 
i.e., the surface opposite from the first or lead-bearing ss 
surface 9242. Each such via is filled with an electrically 
conducth/e bonding material such as a thennooompres- 
sion bonding alloy 9253. Bonding material 9253 is acti- 



vated by heat or pressure, using conventional bonding 
techniques, to bond each lead extremity 9249 to one 
contact 9228 on the chip. The electrically conductive 
layer 9236 of the connecting element terminates remote 
from vias 9251 , so that the electrically conductive layer 
does not make an electrical connection with the conduc- 
tive material 9253. If desired, the conductive layer 9236 
may be extended to one or a few of vias 9251 so as to 
provide a ground connection to layer 9236. That is, one 
of leads 9248 may be connected to a terminal (not 
shown) which in turn is connected to a ground on the 
substrate, and layer 9236 may be grounded through that 
lead. 

[0131] As an alternative to thennocompression or oth- 
er conventional bonding techniques, the leads can be 
connected to the contacts on the chip by using a so- 
called "Z-conducting" adhesive. Such materials ordinar- 
ily include electrically conductive particles selected so 
that when the material is applied in a thin layer, it will 
have appreciable electrical conductivity in the direction 
through the layer but only insignificant conductivity in 
directions parallel to the layer. Z-conducting adhesives 
may also be used to connect the leads of the interposers 
discussed above to the contacts of the chips. 
[0132] As illustrated in Fig. 29, a sub-assembly in ac- 
cordance with the present invention may be mounted on 
another chip. For example, as illustrated in Fig. 29 con- 
tacts 9328 on the front surface 9322 of chip 9320 are 
connected, through tenninals 9346, to contacts 9391 of 
a semiconductor chip 9393. Thus, chip 9393 itself 
serves as the substrate for mounting the assembly In- 
corporating chip 9320. Chip 9393 in turn is connected 
via conventional wire bond leads 9395 to a further sub- 
strate and hen 2 to other electronic elements. Converse- 
ly, a further chip 9377 is mounted so as to overiie the 
front surface of chip 9320. An interposer 9379 is dis- 
posed on chip front surface 9322. This interposer has 
terminals 9381 connected to some of the contacts 9328 
on the chip front surface via flexible leads. The interpos- 
er itself is flexible and includes a compliant layer 9383 
disposed between temiinals 9381 . Those temninals in 
turn are connected to temriinals 9356 of a further sub- 
assembly, which in turn are connected to contacts 9338 
of chip 9377. Thus, chips 9320 and 9377 are Intercon- 
nected In a stacked circuit assembly whtoh in turn is 
mounted on chip 9393. Any number of chips can be in- 
terconnected in such a stacked assembly. 
[0133] In an assembly according to a further embod- 
iment of the invention, illustrated in Fig. 30, the orienta- 
tion of the sheet-like connection component is reversed. 
That is, the lead-bearing or first surface 9442 faces to- 
ward chip 9420. Temiinals 9446 are exposed through 
holes 9473 extending through the insulating layers 9440 
and 9438. The conductive layer 9436 disposed between 
these insulating layers terminates remote from holes 
9473, so that the two insulating layers merge with one 
another at the boundaries of the holes and insulate the 
holes from layer 9436. Thus, bonding material can be 
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introduced in holes 9437 so as to connect terminals 
9446 to a substrate. Also in this arrangement, the ex- 
tremities 9436 of flaps 9434 are bent outwardly, away 
from the chip, and the walls or support elements 9452 
are disposed outside of the flaps. That is, the flaps lie s 
between support elements 9452 and the chip. Compli- 
ant layer 9464 Infvnedlately underlies temninals 9446 
[0134] In a further variant (not shown) the support el- 
ements or walls can be Integral with the connecting el- 
ement.and particularly can be integral with the flaps, 
Thus, the connecting element can have relatively stiff 
regions constituting the flaps and a flexible region con- 
stituting the central or backing element. The stiff regions 
constituting the flaps can be bent upwardly so as to fomn 
a self-supporting structure. As in the an^angement dis- is 
cussed above, this provides a generally box-like or cup- 
like structure having an open top with lead portions dis- 
posed around the periphery of the opening for receiving 
a chip and connecting thereto. 

[0135] As will be readily appreciated, numerous fur- 20 
ther variations and combinations of the features dis- 
cussed above can be utilized without departing from the 
present invention as defined by the claims. In one such 
variant (not shown) the backing element is provided 
substantially as discussed above, but the flaps and the 25 
lead portions on the flaps are omitted, in this arrange- 
ment, the bonding wires constitute the principal portion 
of each lead. The bonding wires extend downwardly, 
alongside the edges of the chip, to the backing element 
and join the backing element adjacent to the rear orbot- 30 
torn face of the chip. In this arrangement, the bonding 
wires constitute the leads extending alongside the edg- 
es of the chip. This arrangement Is distinctly less pre- 
ferred because it does not offer the same degree of con- 
trol over lead impedance as the other arrangements dis- 35 
cussed above. Thus, the foregoing descriptions of the 
prefen'ed embodiments should be taken by way of illus- 
tration rather than by way of limitation of the invention 
defined by the claims. 

40 

The disclosure of this application also includes the 
following numbered clauses: 

[0136] 

45 

1. A semk^onductor chip assembly of the type in- 
cluding a semiconductor chip having a plurality of 
surfaces and having contacts on at least one of said 
surfaces and aftexible sheetlike element having ter- 
minals thereon electrically connected to said con- so 
tacts, wherein said sheetlike element and at least 
some of said temiinals overite one said surface of 
said chip, said terminals are movable with respect 

to said chip and the assembly includes resilient 
means for penmitting movement of said tennlnals ss 
toward said chip. 

2. An assembly as set out in clause 1 wherein said 
resilient means include a compliant layer disposed 



between said temiinais and said chip so that said 
compliant layer will be compressed upon movement 
of said terminals toward said chip. 

3. A chip assembly as set out in clause 2 wherein 
said compliant layer is formed from an elastomeric 
material. 

4. A chip assembly as set out in clause 2 wherein 
said compliant layer includes masses of a low mod- 
ulus material and holes Interspersed with said 
masses of low modulus material, said masses of 
said low modulus material being aligned with said 
terminals, said holes in said compliant layer being 
out of alignment with said terminals. 

5. A chip assembly as set out in clause 1 or clause 
2 or clause 3 or clause 4 wherein said chip has a 
front surface, said contacts are disposed on said 
front surface and said sheetlike element and said 
terminals overile said front surface of said chip. 

6. A chip assembly as set out in clause 1 or clause 
2 or clause 3 or clause 4 wherein said chip has op- 
positely-facing front and rear surfaces, said con- 
tacts are disposed on said front surface, and said 
sheetlike element and said terminals overile said 
rear surface of said chip. 

7. A method of making a semiconductor chip as- 
sembly including the step of assembling a flexible, 
sheetlike element having terminals thereon to a 
semiconductor chip and connecting temninals on 
said sheetlike element to contacts on said chip, 
wherein said assembling step is conducted so that 
said tennlnals on said sheetlike element overiie a 
surface of the chip and in that the assembly includes 
resilient means for permitting movement of said ter- 
minals towards said surface of said chip. 

8. A method as set out in clause 7 wherein a com- 
pliant layer is disposed between said chip and said 
terminals to provide said resilient means. 

9. A method as set out in clause 7 wherein the step 
of testing the chip by establishing temporary elec- 
trical contact between a plurality of test probes and 
said terminals whereby said resilient means will 
permit displacement of at least some of said central 
temninals toward said chip surface during said step 
of establishing temporary electrical contact 

10. A method as set out in clause 9 wherein said 
step of establishing temporary electrical contact in- 
cludes the step of simultaneously establishing tem- 
porary contact between a plurality of said tenminals 
and a plurality of test probes rigidly connected to a 
test fixture. 

11 . A method as set out in clause 7 wherein said 
step of connecting said tenminals on said sheetlike 
element includes the step of connecting flexible 
leads so that such leads extend between the con- 
tacts and temiinais through at least one aperture in 
said sheetlike element. 

12. A method as set out in clause 11 wherein said 
sheetltke element has said terminals and prefabri- 
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cated leads positioned thereon prior to said assem- 
bling step. 

13. A method as set out in clause 12 wherein said 
step of connecting said leads includes the step of 
bonding said prefabricated leads to said contacts s 
on said chip In said at least one aperture by inserting 

a tool into each said aperture. 

14. A method as set out in clause 7 wherein the 
steps of assembling a substrate with said interposer 

so that contact pads on a substrate confront the ter- io 
minals on said sheetlike element and bonding said 
terminals to said pads. 

15. A component for assembly to a semiconductor 
chip including a flexible sheetlike element having 
tenninals thereon, having compliant layer underly- is 
Ing said tenninals. 

16. A component as set out in clause 15 wherein 
said compliant layer includes masses of a low mod- 
ulus material and holes interspersed with said 
masses of low modulus material, said masses of 20 
said low modulus material being aligned with said 
tenninals, said holes in said compliant layer being 

out of alignment with said terminals. 

17. A component as set out in clause 16 wherein 
said sheetlike element includes a thin, flexible top 2s 
layer fornied from a material selected from the 
group consisting of thermoset and thermoplastic 
polymers overlying said compliant layer. 

18. A component as set out in clause 17 wherein 
said temninals are disposed on said top layer. 30 

19. A component as set out in clause 17 wherein 
said tenninals are disposed between said top layer 
and said compliant layer, said top layer having ap- 
ertures aligned with said terminals so that said ter- 
minals are accessible from a surface of said sheet- 
like element opposite from said compliant layer. 

20. A component for use in semiconductor chip as- 
semblies, the component including a sheetlike in- 
terposer having outboard edges, a plurality of ter- 
minals disposed on sard interposer and a plurality 40 
of prefabricated leads connected to said temninals 
and having contact portions, said prefabncated 
leads being flexible, the contact portion of each said 
prefabricated lead being movable with respect to 

the terminal connected to such lead, at least one 45 
securement element integral with said interposer, 
each said securement element having an inboard 
edge extending generally parallel to one of said out- 
board edges of said interposer so that such parallel 
edges define an elongated slot, each such prefab- so 
ricated lead extending to the vicinity of one said slot. 

21 . A component as set out in clause 20 wherein 
the contact portion of each said prefabricated lead 
extends across said slot. 

22. A semiconductor chip assembly of the type in- ss 
eluding: 

(a) a semiconductor chip having a front surface 



defining the top of the chip, said front surface 
including a central region and a peripheral re- 
gion surrounding said central region whereby 
said central region is disposed inwardly of said 
peripheral region, said chip having a plurality of 
peripheral contacts disposed in said peripheral 
region of said front surface, characterized by; 

(b) a flexible, sheetlike dielectric interposer 
overiying said central region of said chip front 
surface, said interposer having a first surface 
facing toward said chip and a second surface 
facing away from said chip, said interposer hav- 
ing outboard edges disposed inwardly of said 
peripheral contacts; 

(c) a plurality of central tenrtinals disposed on 
said interposer and overlying said central re- 
gion of said chip front surface; and 

(d) a plurality of peripheral contact leads con- 
necting at least some of said peripheral con- 
tacts and at least some of said central termi- 
nals, each said peripheral contact lead having 
a central tenninal end overlying said interposer 
and connected to one of said central terminals 
and a contact end projecting outwardly beyond 
one of said edges of said interposer and con- 
nected to one of said peripheral contacts, 
whereby each said peripheral contact lead ex- 
tends inwardly from one of said peripheral con- 
tacts to one of said central terminals on said 
interposer, said central tenninals being mova- 
ble witii respect to said contacts. 

23. A chip assembly as set out in clause 22 wherein 
at least some of said peripheral contact leads have 
outward extensions projecting outwardly beyond 
said peripheral contacts, and the assembly further 
includes at least one securement element disposed 
outwardly of said peripheral contacts and physically 
connected to a plurality of said outward extensions. 

24. A chip assembly as set out in clause 23 wherein 
each said securement element has an inboard edge 
extending generally parallel to one of said outboard 
edges of said Interposer so that such parallel edges 
define an elongated slot between each said secure- 
ment element and said interposer, each said periph- 
eral contact leads extending across one said slot. 

25. A chip assembly as sett out in clause 24 wherein 
bridge elements extend between each said secure- 
ment element and said interposer, said bridge ele- 
ments being spaced apart from one another, said 
slots extending between said bridge elements, said 
securement elements and said interposer being 
fomned integrally with one another as a single 
sheetlike unit. 

26. A chip assembly as set out in clause 24 or 25 
wherein at least a portion of each said securement 
element is disposed outboard of said chip, the as- 
sembly further comprising at least one support ele- 
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ment disposed alongside said chip in alignment with 
said at least one securenrfent element, each said 
support element having a front surface facing and 
supporting one of said securement elements. 

27. A chip assembly as set out in clause 27 wherein s 
a plurality of outside terminals mounted on said at 
least one securement element, outside terminal 
leads extending between said outside terminals 
and some of said peripheral contacts on said chip. 

28. A chip assembly as set out in clause 27 wherein io 
a compliant layer is disposed below said central ter- 
minals and a compliant layer disposed below said 
outside tenninals. 

29. A semiconductor chip assembly of the type in- 
cluding a semiconductor chip having a front surface is 
and a plurality of contacts disposed in a pattern on 
said front surface, said pattem encompassing a 
contact pattem area on said front surface, sheetlilce 
dielectric interposer overlying said front surface of 
said chip, said interposer having a first surface fac- 20 
ing toward said chip and a second surface facing 
away from said chip characterized by an area of 
said interposer overlying said contact pattern area 

of said chip, said interposer having apertures ex- 
tending from said first surface to said second sur- 25 
face, a plurality of terminals disposed in a pattern 
on said second surface of said interposer, at least 
some of said terminals being disposed in said area 
of said interposer overlying said contact pattern ar- 
ea, each such terminal being associated with one 30 
of said contacts on said chip and a flexible conduc- 
tive lead extending between each said terminal and 
the associated one of said contacts, each such lead 
extending through one of said apertures, each said 
lead having a contact end connected to the associ- 3s 
ated contact and a tenninal end connected to the 
associated terminal, said terminals being movable 
relative to the contact ends of said leads. 

30. A chip assembly as set out in clause 29 wherein 
each said terminal is disposed adjacent one of said 40 
apertures in said Interposer, and each said lead ex- 
tends from one said terminal, through the adjacent 
aperture to one of said contacts on said chip. 

31 . A chip assembly as set out in clause 29 or 30 
wherein each said lead is curved in a direction par- 
allel to said front surface of said chip. 

32. A chip assembly as set out in clause 29 or 30 
wherein each said lead is curved in a direction per- 
pendicular to said front surface of said chip. 

33. A chip assembly as set out in clause 29 or 3D so 
or 31 or 32 wherein said temiinals are substantially 
evenly distributed throughout an area of said inter- 
poser overlying said front surface of said chip. 

34. A chip assembly as set out in clause 32 or 33 
wherein a substrate facing toward said interposer ss 
and a pluraiily or connection pads disposed in a pat- 
tern corresponding to the pattern of said terminals 

so that said pads confront said terminals on said 



interposer and means for bonding said pads on said 
substrate to said temrilnals on said interposer 

35. A chip assembly as set out in clause 34 wherein 
said means for connecting said terminals to said 
pads of said substrate includes a mass of electrical- 
ly conductive bonding material disposed between 
each said tenninal and the associated contact pad 
of said substrate. 

36. A method of malcing a semiconductor connec- 
tion component comprising the steps of: 

(a) providing a sheetlike dielectric element hav- 
ing first and second surface and one or more 
apertures extending between said surfaces; 

(b) laminating a conductive sheet to said sec- 
ond surface of said element, so that a first sur- 
face of said sheet confronts said second sur- 
face of said element and so that said sheet 
overties said one or more apertures; 

(c) forming a resist pattern on a second surface 
of said sheet facing away from said element, 
said resist pattern including lead areas at least 
partially aligned with said one or more aper- 
tures and temninal areas contiguous with said 
lead areas but not aligned with said one or more 
apertures; 

(d) applying a resist to the first surface of said 
conductive sheet In said one or more apertures; 

(e) contacting said conductive sheet with an 
etchant so that said etchant removes said con- 
ductive sheet except in said lead areas and said 
terminal areas; and 

(f) removing said resists, to thereby leave said 
lead portions of said conductive sheet as leads 
projecting Into said apertures. 

37. A method as claimed in claim 36 further char- 
acterized in that said step of applying a resist to the 
first surface is perfonned by laminating a sheet of 
resist to said first surface of said so that the resist 
of said sheet fills said one or more apertures. 

38. A method of making a sheetlike dielectric ele- 
ment with prefabricated electrically conductive 
leads thereon comprising the steps of providing a 
dielectric layer of said element with features which 
project vertically out of the plane of said sheetlike 
element, depositing conductive material on said di- 
electric layer so that said conductive material forms 
leads extending across said projecting features, 
and then selectively removing the portions of said 
dielectric layer constituting said projecting features, 
to thereby from said prefabricated leads to bends 
projecting out of the plane of said sheetlike element. 

39. A semiconductor chip assembly of the type In- 
cluding: 

(a) a semiconductorchip having oppositely-fac- 
ing front and rear surfaces, edges extending 
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between sard front and rear surfaces and con- 
tacts on said front surface, characterized by; 

(b) a generally sheetlike backing element un- 
derlying said chip, said backing element having 

a top surface facing toward said chip and a bot- s 
torn surface facing away from said chip, said 
backing element having a central region 
aligned with said chip and temninals, at least 
some of said terminals being disposed in said 
central regions; and 10 

(c) electrically conductive leads interconnect- 
ing said contacts on said chip front surface and 
said temiinals on said backing element bottom 
surface, said leads extending alongside said 
edges, said backing element and leads being is 
flexible so that said terminals on said backing 
element are movable with respect to-said chip. 

40. A chip assembly as set out in clause 39 wherein 

at least one generally sheetlike, flexible flap ex- 20 
tends upwardly alongside one edge of said chip, 
each said lead including a flap portion extending 

along one said flap. 

41 . A chip assembly as set out in clause 40 wherein 
said contacts on said chip include at least one elon- 25 
gated row extending adjacent one said edge of said 
chip and each said flap extends to the vicinity of one 
said row. 

42. A chip assembly as set out in clause 41 wherein 
each said flap includes an electrically conductive 30 
layer and a dielectric layer disposed between said 
electrically conductive layer and said flap portions 

of said leads. 

43. A chip assembly as set out in clause 42 wherein 
said backing element includes an electrically con- 35 
ductive layer and a dielectric layer, each said lead 
including a backing element portion extending 
along said backing element between the flap por- 
tion of such lead and one of said terminals, said di- 
electric layer of said backing element being dis- 40 
posed between the conductive layer of the backing 
element and said backing element portions of said 
leads. 

44. A chip assembly as set out in clause 40, or 41 , 

or 42 or 43 having at least one substantially rigid ^ 
support element, each said support element being 
disposed alongside one edge of said chip. 

45. A chip assembly as set out in clause 51 wherein 
said at least one flap includes a plurality of flaps and 
said at least one support element includes a plural- so 
ity of support elements, said plural support ele- 
ments being connected to one another and cooper- 
atively defining a box surrounding said chip. 

46. A chip assembly as set out in clause 45 having 
a generally planar floor element extending between 
said support elements beneath said chip, said floor 
element being connected to said support elements 
so that said floor element defines the floor of said 



box and said support elements constitute the walls 
of the box, said chip being disposed within said box, 
said backing element and flaps being disposed on 
the outside of said box. 

47. A chip assembly as set out in clause 39 having 
a substrate having a top surface facing said backing 
element and a plurality of connection pads disposed 
on said top surface, said terminals on said bacl<ing 
element and said connection pads on said top sur- 
face being disposed in con-esponding patterns so 
that one said terminal is aligned with each one of 
said connection pads, the assembly additionally 
comprising means for connecting said connection 
pads on said substrate to said terminals on said 
backing element. 

48. A chip assembly as set out in clause 39 having 
an interposer overlying the front surface of said 
chip, said interposer having temiinals thereon elec- 
trically connected to said chip or to said terminals 
on said backing element. 

49. A circu it assembly comprising a plurality of chip 
assemblies as set out in clause 48, said chip as- 
semblies being arranged in a stack having a top and 
a bottom, whereby said chip assemblies include a 
bottom one of said chip assemblies at the bottom 
of said stack and one or more non-bottom chip as- 
semblies, each said non-bottom chip assembly 
overiying another, immediately subjacent one of 
said chip assemblies, the backing element of each 
such non-bottom chip assembly facing the interpos- 
er of the immediately subjacent one of said chip as- 
semblies, at least some of the temiinals on the 
backing element of each said non-bottom chip as- 
sembly being connected to the temiinals on the in- 
terposer of the immediately subjacent chip assem- 
bly, whereby the chips of safd chip assemblies are 
electrically connected to one another. 

50. A component for mounting a semrconductor 
chip of the type including: 

(a) a flexible sheetlike backing element having 
a plurality of temiinals thereon, characterized 
by; 

(b) at least one substantially rigid support ele- 
ment projecting upwardly from said backing el- 
ement, each said support element having a top 
edge remote from said backing element; and 

(c) a plurality of leads connected to said termi- 
nals and extending upwardly alongside at least 
one of said support elements. 

51 . A component as set out in clause 50 wherein 
said at least one support element Includes a plural- 
ity of walls defining a box having a top and a bottom, 
said backing element being positioned adjacent the 
bottom of said box, said leads extending upwardly 
toward the top of the box, said box being open at 
the top whereby a semiconductor chip may be in- 
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serted into the box. 

52. A component as set out in clause 51 further 
conr^prising a plurality of generally sheetlike flaps 
extending upwardly from said backing element 
alongside said walls, said leads extending along s 
said flaps. 

53. A component as set out in clause 52 further 
comprising a floor element extending between said 
support elements, said backing element being dis- 
posed beneath said floor element. io 

54. A component as set out in clause 53 further 
comprising an electrically conductive layer incorpo- 
rated in each said flap and in said backing element. 

55. A component as set out in clause 51 or 52 or 53 

or 54 further comprising a compliant layer overlying is 
said backing element. 

56. A method of making a semiconductor chip as- 
sembly of the type including the step of: 

(a) positioning a generally sheetlike, flexible ^ 
backing element so that a top surface of the 
backing element faces towards a rear surface 

of the chip and so that terminals in a central re- 
gion of said backing elements are aligned with 
said chip, characterized by the step of; 2s 

(b) connecting said terminals on said backing 
element to contacts on a front surface of said 
chip, facing away from said rear surface and 
said backing elements, by connecting electri- 
cally conductive leads between said contacts so 
and said terminals so that said electrically con- 
ductive leads extend alongside edges of said 
chip. 

57. A method as set out in clause 56 wherein said 35 
connecting step Includes the step of positioning at 
least one generally sheetlike flap alongside at least 
one edge of said semiconductor chip so that flap 
portions of said leads extending on each said gen- 
erally flap extend from said backing element to- 40 
wards said front surface of said chip. 

58. A method as set out in clause 57 wherein said 
step of positioning said flap includes the step of po- 
sitioning each said flap so that the flap portions of 
leads disposed thereon extend to the vicinity of a 
row of contacts on the front surface of said chip and 
said connecting step further includes the step of 
wire bonding each said row of contacts to the adja- 
cent flap portions of said leads, said wire bonding 
step including the steps of detecting the actual po- so 
sitions of said flap portions of said leads relative to 
said contacts on said chip after said step of posi- 
tkining said at least one flap and controlling said 
wire bonding step in accordance with said detected 
relative positions. S5 

59. A method as set out in clause 57 wherein said 
step of positioning said backing element includes 
the step of positioning the chip within a box Incor- 



porating a plurality of walls projecting upwardly from 
said backing element so that said front surface of 
said chip faces away from said backing element and 
said rear surface of said chip faces towards said 
backing element, said box having a plurality of said 
flaps extending upwardly from said backing ele- 
ment alongside said walls, whereby said flaps will 
be positioned alongside the edges of said chip 
when said chip is positioned in said box. 
60. A method as set out in clause 56 further com- 
prising the steps of providing a compliant layer be- 
tween said tenninals and said bottom surface of 
said chip, and electrically testing the assembly by 
simultaneously engaging a plurality of said termi- 
nals with a plurality of test pins so that said test pins 
make electrical contact with said tenminals, where- 
by said compliant layer will be compressed in said 
engaging step. 



Claims 

1 . A semiconductor chip assembly comprising: 

a semk:onductor chip (28) having a plurality of 
surfaces (36, 38); 

a plurality of contacts(40) on one of said plural- 
ity of surfaces of said semiconductor chip; 
a spacer layer (42) abutting or adhered to one 
of said plurality of surfaces of said semiconduc- 
tor chip; 

a plurality of tenninals (48) for connection to a 
plurality of contact pads of a substrate to whteh 
the assembly is to be mounted, said terminals 
being an'anged spaced-apart on the spacer lay- 
er and at least some of said tenninals overiying 
one of said plurality of surfaces of the semicon- 
ductor chip so that the terminals are insulated 
and spaced from the chip by the spacer layer; 
and 

a plurality of electrical connections connecting 
said plurality of tenninals to said plurality of 
semiconductor chip contacts; 

characterized in that said plurality of electrical 
connections comprise flexible leads (50) and in that 
the spacer layer (42) and the flexible leads (50) are 
arranged to pemiit movement of said tenninals (48) 
overiying the chip relative to the chip contacts (40). 

2. A chip assembly as claimed in claim 1 , wherein said 
spacer layer further comprises resilient means for 
pemnitting movement of said terminals (48) overly- 
ing the chip toward said chip (28). 

3. A chip assembly as claimed in claim 2, wherein said 
resilient means include a compliant layer disposed 
between said terminals (48) and said chip (28) and 
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compressible lay movement of said temitnals to- 
wards said chip. 

4. A chip assembly as claimed in claim 3, wherein said 
compliant layer is formed from an elastomeric ma- 5 
terial. 

5. A chip assembly as claimed in claim 2, wherein said 
spacer layer includes a flexible layer, said compliant 
layer having a low elastic modulus relative to the io 
flexible layer member, said compliant layer being 
disposed between the flexible layer and the chip. 

6. A chip assembly as claimed in claim 5, wherein said 
compliant layer includes masses (843) and holes is 
(841) interspersed with said masses, said masses 
being aligned with said tenminals (48), and said 
holes (841) in said compliant layer being out of 
alignment with said temninals. 

20 

7. A chip assembly as claimed in claim 1 , wherein said 
contacts (40) are disposed on a front surface of said 
chip and said spacer layer (42) and said temiinals 
(48) overiie said front surface(38) of said chip (28). 

25 

8. A semiconductor chip assembly as claimed in claim 
7, wherein said front surface includes a central re- 
gion (824) and a peripheral region (826) surround- 
ing said central region, said chip having a plurality 

of peripheral contacts (830) disposed in said periph- 30 
eral region of said front surface, said spacer layer 
(836) overlies said central region (824) of said chip 
front surface (822); a plurality of said temriinals 
(848) disposed on said spacer layer overlie said 
central region (824) of said chip front surface; and 35 
said flexible leads comprise a plurality of peripheral 
contact leads (850) connecting at least some of said 
peripheral contacts (830) and at least some of said 
central temiinals (848), each said peripheral con- 
tact lead (850) having a central terminal end (852) 
overlying said spacer layer (838) and connected to 
one of said central terminals (848) and a contact 
end connected to one of sard peripheral contacts 
(830), each said peripheral contact lead (850) ex- 
tending inwardly from one of said peripheral con- ^5 
tacts (830) to one of said central temninals (848) on 
said spacer layer. 

9. A chip assembly as claimed in claim 8, wherein said 
spacer layer has edges (8336) disposed inwardly so 
of said peripheral contacts, and the assembly fur- 
ther includes at least one securement element 
(8361) disposed outwardly of said peripheral con- 
tacts (8330) each said securement element (8361) 
having an Inner edge (8365) extending generally 
parallel to one (8346) of said edges of said spacer 
layer so that such parallel edges define an elongate 
slot (8367) between each said securement element 



(8361 ) and said spacer layer. 

10. A chip assembly as claimed in claim 9, wherein at 
least some of said peripheral contact leads (8350) 
have extensions (8354) extending across at least 
one said slot (8367), said extensions being con- 
nected to at least one said securement element. 

11. Achip assembly as claimed in claim 10 further com- 
prising bridge elements (8363) extending between 
each said securement element (8361) and said 
spacer layer (8336), said bridge elements being 
spaced apart from one another, said slots (8367) 
extending between said bridge elements, said se- 
curement elements (8361) and said spacer layer 
being formed integrally with one another. 

12. Achip assembly as claimed in claim 10, wherein at 
least a portion of each said securement element 
{8361) extends beyond the periphery of said chip, 
the assembly further comprising at least one sup- 
port element (8307) disposed alongside said chip 
(8320) in alignment with said at least one secure- 
ment element (8361), each said support element 
(8307) having a front surface facing and supporting 
one of said securement elements. 

13. Achip assembly as claimed in claim 9, further com- 
prising a plurality of outerterminals (8360) mounted 
on said at least one securement element, and outer 
terminals leads (8374) extending between said out- 
er terminals (8360) and some of said peripheral 
contacts (8330) on said chip. 

1 4. Achip assembly as claimed in claim 9, wherein said 
compliant layer (8340) Is disposed below said cen- 
tral terminals (8348) and a further compliant layer 
is disposed below said outside temiinals (8360). 

1 5. A chip assembly as claimed in claim 7 further char- 
acterized in that said front surface of said chip has 
a central region and central contacts (8431) dis- 
posed in said central region, said spacer layer 
(8436) having a hole (8480) encompassing said 
central contacts, at least some of said leads being 
connected to said central contacts within said hole. 

1 6. A chip assembly as claimed in claim 1 , wherein said 
chip (28) has oppositely-facing front and rear sur- 
faces, said contacts are disposed on said front sur- 
face, and said spacer layer (932) overiies a rear sur- 
face of said chip and said tenninals (946) overlie 
said rear surface of said chip with said terminals fac- 
ing away from said chip. 

17. A chip assembly as claimed in claim 16, further 
comprising an interposer (9379) overtying the front 
surface of said chip, said interposer (9379) having 
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terminals thereon eiectrically connected to said chip 
or to said tenninals on said spacer layer (932). 

18. A chip assembly as claimed in any one of the pre- 
ceding claims, wherein said flexible leads (50) are 
curved in a plane perpendicular to said one surface 
of the chip. 

19. A chip assembly as claimed in any one of the pre- 
ceding claims, wherein said flexible leads (50) are 
curved in a plane parallel to said one surface of the 
chip. 

20. A semiconductor chip assembly as claimed in claim 
1 , wherein said semiconductor chip (28) has a front 
surface (38) and a plurality of contacts (40) dis- 
posed in a pattern on said front surface, said pattem 
encompassing a contact pattern area on said front 
surface, said spacer layer (42) overlying said front 
surface of said chip, said spacer layer having a first 
surface facing toward said chip (28) and a second 
surface facing away from said chip, an area of said 
spacer layer overlying said contact pattern area of 
said chip, said spacer layer having apertures (54) 
extending from said first surface to said second sur- 
face, said temninals (48) being disposed in a pattern 
on said spacer layer, at least some of said tenninals 
(48) being disposed in said area of said spacer layer 
overlying said contact pattern area, each such ter- 
minal being associated with one of said contacts 
(40) on said chip (28), said flexible conductive leads 
(50) extending between said tenninals (48) and as- 
sociated ones of said contacts (40) through said ap- 
ertures (54), each said lead (50) having a contact 
end connected to an associated contact (40) and a 
tenmlnal end connected to an associated terminal 
(48). 

21. A Chip assembly as claimed in claim 20, wherein 
each said temninal (48) is disposed adjacent one of 
said apertures (54) in said spacer layer (42), and 
each said lead (50) extends from one said tenninal 
(48), through the adjacent aperture (54) to one of 
said contacts (40) on said chip (28). 

22. A chip assembly as claimed in any one of claims 20 
to 21 , wherein said tenninals (50) are substantially 
even ly distributed throughout an area of said spacer 
layer (42) overlying said front surface (38) of said 

chip (28). 

23. A chip assembly as claimed in claim 1 wherein said 
leads are formed Integrally with said tenninals as 
elongated metallic strips extending from said tenni- 
nals on said spacer layer. 

24. A chip assembly as claimed In claim 1 wherein said 
leads include partial leads formed Integrally with 



said terminals extending from said temninals on said 
spacer layer and wire bonds extending between 
said partial leads and said contacts on said chip. 

5 25. A structure comprising a chip assembly as claimed 
in any one of claims 1 -1 7, 20-21 , and 23-24 and a 
substrate (20,988) facing toward said spacer layer 
(42,932), the substrate having a plurality of contact 
pads (24,990) disposed In a pattem corresponding 

10 to the pattem of said tenninals (48,946) so that said 
pads (24,990) confront said terminals (48,990) on 
said spacer layer, and said contact pads (24,990) 
on said substrate (20,988) being bonded to said ter- 
minals (48,990) on said spacer layer (42,932). 

15 

26. A structure as claimed In claim 25, wherein said ter- 
minals (48,946) are bonded to said contact pads 
(24,990) of said substrate (20,988) by a respective 
mass (52,991) of electrically conductive bonding 

20 material disposed between each said terminal 
(48,946) and the associated contact pad (24,990) 
of said substrate (20,988). 

27. A structure as claimed in claim 26 wherein said 
25 leads are bonded to said contacts. 

28. A method of making a semiconductor chip assem- 
bly, comprising: providing a semiconductor chip 
(28) having a plurality of surfaces (36,38) and con- 
so tacts (40) on at least one of said surfaces with a 

spacer layer (42) having a plurality of discrete ter- 
minals (48) for connection to a plurality of discrete 
contact pads of a substrate to which the assembly 
is to be mounted so that at least some of the temrtl- 

35 nals (48) overlie at least one of said surfaces of said 
chip and so that the spacer layer so that the spacer 
layer abuts or is adhered to at least one of said sur- 
faces and acts as a spacer between the tenninals 
and the chip to space the terminals from the chip, 

40 and electrically connecting said plurality of termi- 
nals to said plurality of semiconductor chip contacts 
(40), characterised by electrically connecting said 
tenninals (48) to said chip contacts (40) by means 
of flexible leads (50) connected to said contacts and 

45 said tenninals and providing the spacer layer (42) 
so that that the spacer layer and the flexible leads 
(50) pennit movement of the tenninals (48) relative 
to the chip contacts (40). 

50 29. A method as claimed in claim 28, further comprising 
providing the assembly with resilient means for per- 
mitting movement of said tenninals (48) towards 
said surface of said chip (28). 

S5 30. A method as claimed in claim 29, wherein the step 
of providing the assembly with said resilient means 
Includes providing a compliant layer between said 
chip (28) and said terminals (48) to provide said re- 
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silient means. 

31. A method as claimed In claim 29 or 30, further com- 
prising the step of testing the chip (28) by establish- 
ing temporary electrical contact between a plurality 
of test probes (76) and said terminals (48) whereby 
said resilient means permits displacement of at 
least some of said central tenninals (48) toward said 
chip surface during said step of establishing t^po- 
rary electrical contact. 

32. A method as claimed in claim 31 , wherein said step 
of establishing temporary electrical contact in- 
cludes the step of simultaneously establishing tem- 
porary contact between a plurality of said terminals 
(48) and a plurality of test probes (76) rigidly con- 
nected to a test fixture. 

33. A method as claimed in any one of claims 33 to 37, 
which comprises connecting said flexible leads (50) 
to said contacts (4) so that said flexible leads (50) 
extend between the contacts (40) and tenninats 
(48) through apertures (54) in said sheet-iike mem- 
ber (42). 

34. A method as claimed in claim 33, wherein at least 
portions of said flexible leads (50) are pref^ricated 
and positioned on the spacer layer prior to assem- 
bly with said chip. 

35. A method as claimed in claim 34, which comprises 
connecting said flexible leads (50) to said contacts 
by bonding said prefabricated leads to said contacts 
(40) on said chip (28) in said apertures (54) by in- 
serting a tool into each said aperture. 

36. A method as claimed in any one of claims 33 to 40, 
further comprising assembling a substrate with said 
spacer layer so that contact pads on said substrate 
confront the terminals on said sheet-like memt)er 
and bonding said tenninats to said pads. 

37. Asemiconductorchipassembly comprising: a sem- 
iconductor chip (8420) having a front surface, said 
front surface including a central region and a pe- 
ripheral region surrounding said central region, said 
chip having central contacts (8431 ) disposed in said 
central region of said front surface, a dielectric ele- 
ment (8436) overlying said chip front surface, and 
a plurality of terminals carried by said dielectric el- 
ement for interconnection to a substrate, 
characterized in that said dielectric element has a 
hole (8480) encompassing said central contacts, at 
least some of the temninals (8448) are central con- 
tact terminals overlying said chip front surface, and 
a plurality of central contact leads (8450) extend be- 
tween said central contacts and said central contact 
terminals, said central contact leads being connect- 



ed to said central contacts (8431) in said hole. 

38. A chip assembly as claimed in claim 37 wherein the 
central contact leads include wire bonds. 

5 

39. A chip assembly as claimed in claim 37 wherein the 
central contact leads include partial leads (8450) 
earned by said dielectric element and wire bonds 
connecting the partial leads to said central contacts 

10 (8431). 

40. A chip assembly as claimed in claim 37, wherein 
said central contact leads are flexible and said cen- 
tral tenninals are movable with respect to said chip. 

15 

41. A chip assembly as claimed in claim 40, wherein 
said dielectric element includes a a thin, flexible lay- 
er and compliant layer of material having a low elas- 
tic modulus relative to said flexible layer, said com- 

20 pliant fay e r b e i n g disposed between said temntnals 
and said chip. 

42. A method of making a semiconductor chip assem- 
bly comprising the steps of providing a semiconduc- 

25 tor chip having a front surface, said front surface 
including a central region and a peripheral region 
surrounding said central region, said chip having 
central contacts (8431) disposed in said central re- 
gion of said front surface, and assembling a dlelec- 
30 trie element having tenninals to said chip, 

characterized by assembling the dielectric element 
so that the dielectric element overlies said chip front 
surface and a hole (8480) In the dielectric element 
encompasses the central contacts of the chip, and 
35 so that a plurality of central contact temninais (8448) 
carried by said dielectric layer overlie the chip front 
surface, and connecting a plurality of central con- 
tact leads (8450) between at least some of said cen- 
tral contacts and at least some of said central con- 
40 tacts tenninals on said dielectric element so that the 
central contact leads are connected to the central 
contacts within the hole In the dielectric layer. 

43. A method as claimed in claim 42 wherein said die- 
45 lectric element canies partial leads (8450) connect- 
ed to said central contact tenninals, and wherein 
said step of connecting said central contact termi- 
nals to said central contacts includes wire bonding 
the partial leads to said central contact terminals. 

50 
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